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Abstract 
The rearrangement of 3H-1,2-diazepines by rapid [1,51 
hydrogen migration has been studied in detail. The mechanism 
of the rearrangement was identified as an intramolecular 
sigmatropic type. 	The rapid rate of the migration compared 
to analogous cycloheptatriene systems was attributed to the 
electron withdrawing effect of the azo group rather than to 
stereochemjcal factors alone. 
Conversion of 3H-1,2-diazepines into their dinuclear 
iron carbonyl complexes inhibited the [1,5] sigmatropic hydrogen 
rearrangement. 	Thus pure samples of the two isomeric 
diazepine complexes were isolated and characterised spectro- 
scopically. 	Inhibition of the rearrangement was attributed 
partly to the change in the electronic effect of the diaza 
linkage and partly to a flattening of the diazepine ring due 
to complexation. 
Complexation of the diazepine ring also reduced the 
activation energy for ring inversion by 40 k mol 1. 
A study was carried out on the factors affecting the 
reaction of c16-unsaturated aldehydes with p-toluenesulphonyl- 
hydrazide under acid conditions. 	Those with fixed cisoid 
geometry gave 3,4-dihydro-2-tosyl-1 ,2-diazepines, while 
similar acyclic dienals did not undergo cyclisation. 	Phenyl 
substituents at the terminus of c ,y-unsaturated p-toluene-
suiphonyihydrazones inhibited cyclisation to dihydro diazepine. 
Three new synthetic routes to the c,y5-unsaturated 
carbonyl compounds required for this study were devised. 
Mild oxidation of 4-phenyl-1H-2,3-benzodiazepine gave 
the N-2 benzodiazepine N-oxide. 	A similar oxidation of the 
monocyclic diazepine 3,5,7-trimethyl-3H-1 ,2-diazepine, gave 
its 11-2 oxide which was found to undergo a new rearrangement 
reaction to give 3,5-dimethyl-3--propenyl-3H-pyrazole 11-2 
oxide under very mild conditions. 	This isomerisation was 
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A. 	1,2-Diazepines 
Diazepines are monocyclic seven-membered rings containing 
two nitrogen atoms. 	There are three basic ring structures, 
depending on the position of the two nitrogen atoms. 
C) C) C N 
1,2 -diazepine 
	
1,3 - diazepine 
	
1,4 -diazepine 
All three classes have been recently reviewed ''2, and 
only the 1,2 class will be discussed here. 
Fully unsaturated 1,2-diazepines are classified according 
to the position of the saturated atom in the ring system. 
N. NH (N 
 U 
5 
Saturated ring systems are described by the terms 
"dihydro" and "tetrahydro", and are named according to IUPAC 
nomenclature. 





34-dihydro 2H-12-dicizepine 56-dihydro -4H-12 - diazepine 
In this review the 1,2-diazepines will be considered under 
their 1H, 211, 311, 411 and 511 headings. The fully unsaturated 
diazepines will be treated first followed by those with 
increasing saturation. 
1. 	111-1 ,2-Diazepines 
This isomer is the most documented of the series the 
large number of papers in this area is due to the work of 
Streith, Snieckus and Saski. 
1.1 Synthesis 
Streith and Cassal3'4'5 were the first to report the 
synthesis of 111-1,2-diazepines (5), and the literature now 
contains many examples of their photolytic route (Scheme 1). 




QN 	 N-NN 
INN 	 R 
(4.) 	 (5) 
Photolysis of pyridine N-imines (3) is thought to give 
a diaziridine intermediate (4) which isomerises spontaneously 
to the seven membered ring. 
5 
A drawback of this synthesis was the difficult prepara-
tion of pyridine N-imines ; this problem has been solved by 
the use of o-mesitylsulphonylhydroxylamine (MSH) to effect 
the nitrogen-nitrogen coupling reaction to the pyridine 7,8,9 
followed by treatment with an acyl chloride and deprotonation 
by base (Scheme 2). 	Thus a large number of ring substituted 
pyridine N-imines have been synthesised which in turn yield 
1H-1,2-diazepines when photolysed. 
I  n + NH2OMes N 
ROCI 	 OH 
NH2  OMes 	NHCOR OMes 	-NCOR 
Scheme 2 
A complication with ring substituted pyridine N-imines 
is that it is possible to obtain two diazepines upon photolysis. 
Pyridine N-imines bearing a substituent in the 2-position (6) 
cyclise exclusively to the C-6 position yielding the 3- 
substituted-1H-1,2-diazepines (7). 	However, most pyridine 
N-imines bearing a substituent in the 3-position (8) cyclise 
at both the C-2 and C-5 position to give the 6- and 4-substituted 







This has been explained in terms of the diaziridine 
intermediate; pyridine N-imines bearing a substituent in 
the 2-position only form one diaziridine (11), apparently for 
steric reasons, whereas pyridine N-imines bearing a substituent 
in the 3-position can form two (12) and (13). 
rNaX 	 QN, + 
R' (11) 	 (12) 	 (13) 
1H-1,2-Diazepines have also been synthesised by a non- 
10 photochemical route devised by Klingsberg. 	This method 
7 
involves the reaction of methylhydrazine with pyrylium and 
thiopyrylium salts. 	The reaction is of limited scope and 
only three 1H-1,2-diazepines have been synthesised in this 
manner. 	1-Methyl-3,5,7-triphenyl-1H-1,2-diazepjne (17) is 


























Methyihydrazine reacts with the thiopyrylium salt (14) to 
give the non-aromatic adduct (15) which ring opens, isomerises 
to the hydrazone (16) and then ring closes to give the 
diazepine (17) 
An X-ray crystal structure of 1-tosyl-1,2-diazepine (18) 
has shown that the 111 ring system lies in a boat conformation, 







Considerable work has been carried out on the reactions 
of 1H-1,2-diazepines, and has been reviewed by Nastasi2. 
Some of the more interesting examples will be presented here. 
Reduction.- Depending on the reducing agent used, either 
dihydro, tetrahydro or hexahydro derivatives can be prepared 
(Scheme 4). 
N NR 
NaBH4 	 AcCI 









Reduction with sodium borohydride14 or diborane15 gives 
the unstable 2,3-dihydro-1H-1,2-diazepines (19); these products 
can be stabilised by acylation to give (20) 
Hydrogenation with a platinum catalyst gives the tetra-
hydro (21) and hexahydro (22) compounds 4,15,16,17  
Reactions with acids and bases.- Base catalysed rearrangement 
of 1H-1,2-diazepines bearing a hydrogen atom at the C-3 
position leads to ring opening and formation of 2-amino- 
pyridines (24). 	This reaction proceeds through a Z,Z-diene 
(23) which then ring closes 18 (Scheme 5). 
OH
W. 	e OH 
CN NHR 	 I N NHR 
(23) 	 (24) 
Treatment of 1H-1,2-diazepines with acid results in the 
formation of pyridine N-imines (26), probably proceeding 
19,20 through the diaziridine (25) 	. 	This reaction is the 
reverse of the photochemical synthesis of 1H-1,2-diazepines 
from pyridine N-imines. 	The role of the acid in the rearrange- 
ment is not understood (Scheme 6). 






Thermal and photochemical reactions.- The thermal reactions 
of 1H-1,2-diazepines are interesting in that the products 
are the same as that for the base catalysed rearrangement, 
ie. 2-aminopyridines (29) and Z,Z-dienes (27) (Scheme 7). 
However in this reaction it has been demonstrated that the 
10 
2-aminopyridines are formed via the diaziridine (28) and not 








aN __ N H R 
(29) 
Scheme 7 	
- (28)  
Photolysis of lJI-1,2-diazepines results in electrocyclic 
ring-closure of the butadiene moiety (Scheme 8), to give 2,3- 
20-22 dlaza[3.2.01bicyclic heptadiene (30) 	. 	 This type of 






Cycloaddition reactions.- 1H-1,2-Diazepines also undergo 
[4+2] cycloaddition reactions with dienophiles. 	Thus with 
highly reactive dienophiles such as tetracyanoethylene17'23'24 
and 4-phenyl-1 , 2 , 4-triazoline-3 , 5-dione 24-26 the expected 
cycloadducts (31) and (32) were formed. 
11 
NC 
NO N N 
ON R 
(31) (32) 
The cycloaddition of singlet oxygen leads to the novel 
photoxide 27 (33). 
(33) 
[2+4}Cycloadditions have also been performed, an example 
being the reaction with diphenylisobenzofuran to give the 






Ketenes react in a [2+2] cycloaddition28 with the imine 
double bond to give C 7-C8-E-aza-9-nonanes (35). 
(35) 
A number of 1H-1,2-diazepine iron tricarbonyl complexes 
have also been prepared and are reviewed separately in 
Section C. 
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2. 	Dihydro-1fI-1 , 2-diazepines 
The chemistry of the dihydro-, tetrahydro- and hexa-
hydro-1H-1,2-diazepines is less extensive than for the fully 
unsaturated system. 
2,3-Dihydro-lfI-1,2-diazepines can be synthesised by 
hydrogenation of 1H-1,2-diazepines (discussed in section 
A.1.2). 	The 4,5-dihydro-1H-1,2-diazepines have been prepared 
by the cycloaddition of diazomethane to 1,2-disubstituted 
cyclobutenes29 (Scheme 9). 









MeO 2C N 
(37) 
(38) 
Treatment of the 1-pyrazoline cycloadduct with hydrogen 
chloride gas results in ring expansion to give the diazepine, 
eg. dimethyl-1,2-cyclobutenedicarboxylate (36) adds to diazo-
methane to form the 1-pyrazoline (37) which subsequently gives 
the 4 ,5-dihydro-1H-1 ,2-diazepine-3 ,6-dimethylcarboxylate (38). 
There are two important reactions of 2,3-dihydro-IU-1,2-
diazepines :these are the conversion to 3,4-dihydro-28-1,2-
diazepines (discussed in Section A.5) and their reactions with 
diiron nonacarbonyl (discussed in Section C). 
14 
Tetrahydro-1H-1 ,2-diazepines 
4,5,6 ,7-Tetrahydro-1H-1 ,2-diazepines can be prepared 
from 1H-1,2-diazepines by hydrogenation (see Section A.1.2) 
They can also be prepared by the reaction of substituted 
hydrazines with -chloroarylketones 30, eg. the reaction of 
methyihydrazine with the ketone (39) to give the 3-phenyl 
substituted diazepine (40) as depicted in scheme 10. 
Ph C,_ O IC I 
	NH2NHMe 	




There are three different routes into this system. 
The first is the hydrogenation of the corresponding 1fI-1,2- 
diazepine (see Section A.1.2). 	The second is the reaction 
of 1,5-dihalogenopentanes and a substituted hydrazine, this 
method has been in the literature for many years. An example 
is the reaction of hydrazobenzene with 1,5-diiodopentane (41) 







The third method of synthesis is the vacuum pyrolysis 
of 1-methyl-2-phenylpiperidine-1-acylimides (43) which ring 
expands to hexahydro-1,2-diazepines (44) depicted scheme 12 32 






5. 	3,4-Dihydro-2H-1 ,2-diazepines 
There are three methods of synthesis for this diazepine, 
all of which have been devised in recent years. 
3,4-Dihydro-2H-1,2-diazepines (46) have been prepared by 
sodium methoxide deacylation of the corresponding 1i-2,3- 
















3,4-Dihydro-2H-1,2-diazepjnes have also been prepared 
by the bromination and dehydrobromination of 2,3,4,5-tetra-
hydro-1H--1,2-diazepines 30 (Scheme 14). 
Q OPh C 	
1)Br2 	 fl 
2) -HBr 	 N N C OPh  
1 /1 
The third method of synthesis is the acid-catalysed 
reaction of c3,y-unsaturated carbonyl compounds 33  (47) with 
p-toluenesulphonylhydrazide (Scheme 15). 	The ring closure 
step has been shown to be substituent dependent and in some 
cases the tosylhydrazone (48) could not be cyclised. 







6. 	3H-1 , 2-Diazepines 
This was the last of the 1,2-diazepine isomers to be 
prepared and further work on this interesting system is con-
tamed within this thesis. 
17 
6.1 Synthesis 
The 311-1,2-diazepines (50) have been prepared by the 
base induced elimination of p-toluenesulphinic acid from 
34 3,4-dihydro-2-tosyl-1,2-diazepines (49) (Scheme 16). This 






It is interesting to note that these 3H-isomers (51) 
exist as diazepines where as the 511-isomers (52) , the only 
other 1,2-diazepine to be destabilised by an azo-group, 
favour the ring contracted diazanorcaradiene structure (53). 
o 
(51) 	 (52) 	 (53) 
These 3H-1,2-diazepines exhibit 1,5-sigmatropic hydrogen 
shifts which interconvert (54) and (55); this interconversion 
is remarkably fast compared with analogous cycloheptatrienes 
















Two reactions of this system have been reported, the 
first reaction is the thermolytic ring contraction of 3H-1,2-
diazepines (56) to 1H-pyrazoles (57) (Scheme 17) apparently 





The initial ring contraction is followed by a 1,5-migra-
tion of the vinyl group and then by a hydrogen shift. 
In the second reaction 3H-1,2-diazepines (58) underwent 
ring contraction upon photolysis to give the [1,2] diazeto 




7. 	4H-1 , 2-DLazepines 
This tautomer which contains an imine linkage and 
olefinic unsaturation is well documented in the literature. 
7.1 Synthesis 
4H-1,2-Diazepines have been prepared by Klingsberg10, 
by the reaction of hydrazine with pyrylium or thiopyrylium 
salts. 	This reaction is similar to the synthesis of 1H-1,2- 
diazepines from thiopyrylium salts and methyihydrazine (see 
Section A.1.1). 	An example of this route is the preparation 
of 3,5,7-triphenyl--4H-1,2-diazepine (61) from a triphenylthio- 
11,12 pyrylium salt (60) and hydrazine 	(Scheme 19). 
P Ph 	 h  
N H 2N H2 	 Ph 
PhSPh 	 Ph  N N  
(60) 	
(61) 
4H-1,2-Diazepines (63) have also been synthesised by 
photolysis of 3,4-diazanorcaradienes (62). 	This reaction 
proceeds via a photochemical walk process 
38 
 (Scheme 20). 
Ph hv 






40 Sauer et al. 39, have further shown that 3,4-diaza- 
norcaradienes will rearrange thermally to give 4H-1,2-diaze-
pines also. 
7.2 Reactions 
Few reactions on this class of 1,2-diazepine have been 
carried out. 	Those that are documented are, however, quite 
interesting. 
Acylation of 3,5,7-triphenyl--4H-1,2-diazepine (64) with 
acetyl chloride occurs at N-2 to give the corresponding 
acylated 1H-1,2-diazepine (65) 21 as depicted in Scheme 21. 
	





N—N 	 N—N 
(64) 	 (65) 	Ac 
4H-1,2-Diazepines (66) have been deprotonated via 
treatment with lithium diisopropylamide and reaction of the 
anion (67) with alkyl halides gave 4-substituted-4H-1,2- 
41 diazepines 	(68) (Scheme 22) 
Ph 
P h 	P h 
Ph 
LDA 













This reaction provides a useful route to such systems 
which would be difficult to prepare by direct synthesis. 
8. 	Dihydro-4f1-1 ,2-diazepines 
8.1 Synthesis 
5,6-Dihydro--4H-1,2-'diazepines have been prepared by 
catalytic hydrogenation of the fully unsaturated parent corn-
pound, an example being the preparation of 3,5,7-triphenyl-
5,6-dihydro-4H--1,2-diazepine (69)12 (Scheme 23) 
	




N-N 	 N-N 
(69) 
Another method of synthesis reported in the literature 
involves the condensation of hydrazine with diaroylpropanes 
(70). 	In this way a variety of 3,7-diaryl-5,6-dihydro-4H- 










The originators of this reaction, Merz and Richter 43, 
incorrectly assigned the product of the reaction between 1,3,5-
triphenyl-1,5-pentanedione (72) with hydrazine hydrate as 
2,4,6-triphenyl-1-amino-1 ,4-dihydropiperidine (73). 	Carpino44  
subsequently showed that the correct product was 3,5,7-tn-





Ph / Ph 
	 V 
No Ph Ph 
(72) 
	 NH7NH 7H 7 O 	
Ph 
	NH 
Ph Ph (74) 
Scheme 25 
In a similar reaction Blaise and Gault 45  prepared 5,6-
dihydro-4S-1,2-diazepine-3,7-dicarboxylic acid (76) from 
acetyihydrazide and e,cL'-dioxopimelic acid (75) in Scheme 26, 
the diazepine is deposited almost immediately as a precipitate. 








Two reactions of this system have been reported in the 
literature. 
In one, 3,7-diphenyl-5,6-dihydro-4F1-1 ,2-diazepine (77) 
23 
can be reduced to a tetrahydrodiazepine (78) by lithium 
aluminium hydride 46, and to the hexahydrodiazepine (79) by 
catalytic hydrogenation. 	Oxidation of the hexahydrodiazepine 
(78) with air gives the tetrahydrodiazepine (78) and with 
mercuric oxide gives the different tetrahydrodiazepine (80), 















In the other reaction that has been reported, treatment 
of 5,6-dihydro-411--1,2-diazepine (81) with N-bromo or N-chloro-
succinimide resulted in ring contraction to the pridazine 
derivative (83), via the bicyclic intermediate (82) 49 (Scheme 
28) 
Me 













9. 	5Th-1 ,2-DiazepLnes 
This is the last member of the monocyclic 1,2-diazepine 
series and this 5F1-isomer (84) is so destabilised by the low 
bond energy of the azo-group that in all systems so far reported, 
it exists entirely as its diazanorcaradiene tautomer (85). 
CN 
N 
Sauer et al. 50 has synthesised these diazanorcaradienes (85) 
by a Diels-Alder type reaction between tetrazines (86) and 
cyclopropenes (87) (Scheme 29) 
-N2  
II 	I 	+ 
NN 
(86) 	(87) 	 (85) 
Evidence for the existence of the 5H-1,2-diazepine has 
been provided by variable temperature n.m.r. studies carried 
out by Maier 51,52. 	Thus, in the exo-endo equilibration between 
the two isomeric diazanorcaradienes (88) and (90), studied 
by variable temperature n.m.r., the monocyclic form (87) was 




N NI  N 
(88) 	 (89) 	 (90) 
It is interesting to compare the stability of the 5H-
isomer with the other 1,2-diazepine isomer destabilised by 
an azo group; the 3H-isomer. In the 3H series the compounds 
so far studied have the tautomeric equilibrium so strongly 
biased in favour of the diazepine structure (91) that the 
diazanorcaradiene form (92) is undetectable. 	This contrasts 
with the 5F1-1,2-diazepine (93) case in which the equilibrium 
is as strongly biased in the opposite direction. 
CN> 
(91) 	 (92) 
N"I I \N, --- NN/I'- - - - - - -- N}' 
(93) 	 (94) 
(95) 	 (96) 
26 
In the analogous hydrocarbon case, the equilibrium between 
cycloheptatriene (95) and norcaradiene (96) is affected by 
substituents on the ring53. 
The crossover in thermodynamic stability of the 3H and 
5f1 systems has been explained in terms of bond energies 34 
The average bond energies of C=N (607) and C=C (613) bonds are 
much higher than for N=N (385) bonds while for the single bonds 
(C-C) (348) is greater than C-N (302) which is greater than 
N-N (168 kJ mol 1). 	Thus although both the 5H and the 3H- 
1,2-diazepines are similarly destabilised by having an azo-
group, in the diazonorcaradienes (92) is destabilised relative 
to (91) by having two C-N bonds where (91) has the stronger 
C-C bond. 	In the 5H-isomer the gain in bonding energy on its 
conversion into the diazanorcaradiene more than off-sets the 
increased ring strain, but for the 3H-isomer it does not and 
so the diazepine structure is favoured. 
27 
B. 	Benzodiazepines 
Benzodiazepines are bicyclic, heterocyclic compounds 
having a benzene ring fused to the diazepine ring. 	There 
are six basic ring structures depending on the position of 
the two nitrogen atoms and these are shown in figure 1. 
N 
N-N 	 N 	 N) 
	
1,2 	 1,3 	 1,4 
N) 	 N 	
10C 
N 
aN 	 N 
1,5 	 2,3 	 2,4 
Figure 1 
Benzodiazepines are numbered as shown starting at the 
position adjacent to the carbocyclic ring and giving the first 
nitrogen the lowest number possible. 
The chemistry of benzodiazepines has been reviewed 1,2,54 
and much of the literature is concerned with the biologically 
active 1,4-benzodiazepines. 	Two drugs which have 1,4-benzo- 
diazepines as their active ingredients are the tranquilisers 
"Librium" and "Valium". 
1,5-Benzodiazepines are synthetically easy to prepare 
and their chemistry has also been well studied. 	The literature 
on the remaining four classes of benzodiazepines is less 
VMV 
extensive. 	Only the two isomers which contain adjacent 
nitrogen atoms, namely the 1,2- and 2,3-benzodiazepines will 
be reviewed here. 
1. 	1 , 2-Benzodiazepjnes 
There are three possible 1,2-benzodiazepine isomers 
(Figure 2), all of which have been reported. 
c N  cc> 
1H 3H 5H 
Figure 2 
1.1  iN-i , 2-Benzodjaze,jnes 
1R-1,2-Benzodiazepjnes have been prepared by photolysis 
of N-iminoquinolinium ylide dirners55 (Scheme 30). 	The 
mechanism postulated for this interesting reaction is the 
equilibration of the N-iminoquinoliniurn dimer (97) to the 
monomer ylide (98), followed by photoinduced electrocyclisation 
to compound (99), ring expansion to the 2H-benzodiazepine (100) 
and finally a [1,71 hydrogen shift to restore aromaticity to 









This synthetic route is analogous to the preparation 
of 1H-1,2-diazepines from pyridine N-imines (Section A.1.1). 
1H-1,2-Benzodiazepines have also been prepared by the 
treatment of the 3H-isomer with acid or base 56, thus the 1N-







2 ,3Dhydro-]J' -1 ,2-'benzodiazepines (104) have been 
prepared by the photolysis of N-iminoquinolinium ylides (103) 
in ethanol or methanol (Scheme 32). 57-59  
hi) 
1-51 Or, *,__ 	 N 
NR 	 H R 
(103) 	 (104) ) 
This 2,3'-dihydro-1H-1,2-benzodiazepine (105) isomer has 
also been prepared by reduction of the corresponding fully 
unsaturated system 55  (Scheme 33) 




H 	L1AEH4 H 
(105) 
Scheme 33 
1.2  3H-1 , 2-Benzodiazepines 
These compounds have been synthesised by Sharp and his 
co-workers by the thermal decomposition of tosyihydrazone 
salts of c-diarylmethylene cyclopentanones (106). 	The benzo- 
diazepine (108) was obtained from the resulting diazoalkene 










This reaction was found to be extremely sensitive to steric 
factors. 
311-1,2-Benzodiazepines of the type (110) have been obtained 
by using a similar method; the thermal decomposition of the 






1 .3  5H-1 ,2-Benzodiazepines 
This isomer has recently been prepared for the first 
time by the treatment of 1H-1,2-benzodiazepines (111) with 
lead tetraacetate to give the previously unknown 5H-tautomer62 










(111) 	 (112) 
QThTn 	Itz  
The 5H-1,2-benzodiazepines are less stable than the 3H- and 
1H-isomers, and can be isomerised to the latter (113) with 
base. 	They also react readily with acetic acid or methanol 












MeOH H 	R = OAc.,OMe 
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2. 2,3-Benzodiazepines 
Of the three possible 2,3-benzodiazepine isomers two, 










This isomer has been prepared by thermal decomposition 
of tosylhydrazone salts of a-aryldiazoalkenes63'64 (Scheme 38). 
=N -N—Ts 	 =N=N 
+ Nci (115) 
(11 6) 
Scheme 38 	 (117) 
The mechanism suggested for this reaction is the formation 
of the c-ary1diazoalkene (115) which undergoes 1,7-electro-
cyclic ring-closure to give the intermediate 4H-benzodiazepine 
(116) which converts to the stable 1H-2,3-benzodiazepine (117) 
via a 1,5-symmetry allowed sigmatropic hydrogen shift. 	The 
structure (117) has been confirmed by X-ray analysis. 
1H-2,3-Benzodiazepines (118) are readily isomerised by 
34 
light to give azetdo [i,2- 6 1 1 d&zepin (I IR) 
(Scheme 39) 
h 
N 	 fN 
CCNI' 
(118) 	 (119) 
A tetrahydro 1H-2,3-benzodiazepine (122) has been 
synthesised by the reaction of phthaloyl hydrazide and o-
chloromethyl-2-phenylethyl chloride (120) followed by cleavage 
of the primary diazepine product (121) with base 65 (Scheme 40). 
rK 
CCNH  -,,CH2Ct 	
0 




NH  H2 /Pd 
(123) 	 (122) 
Scheme 40 
This 2,3,4,5-tetrahydro-1H-2,3-benzodiazepjne (122) has also 
been prepared by catalytic hydrogenation of the corresponding 
4,5-dihydro-3H-2,3-benzodiazepine65 (123) (Scheme o) 
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2.2 	3H-2, 3-Benzodiazepines 
The parent unsaturated benzodiazepIne (124) is unknown 





There are a few examples of saturated 3H-2,3-benzodiazepines, 
for example, 3-aryl-4,5-dihydro-3H-2,3-benzodiazepines (128) 
have been prepared by treatment of dihydroisoquinolium salts 
(126) with alkali, followed by reaction with o-mesitylsulphonyl-
hydroxylamine67 (Scheme 41). 
Br 
(126) 





p-Cl C6H4  





The hydrazine derivative (127) has been postulated as an 
intermediate. 
Schmitz and Ohme65 found that 4,5-dihydro-3H-2,3-benzo- 
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diazepines (130) could be prepared by the pyrolysis of 
diisoquinolinotetrazines (129) as depicted in Scheme 42. 
N., NH






One other synthesis of a 3H-2,3-benzodiazepine has been 
reported 68, this is the reaction of 2-(2-bromoethyl)benzo-
phenone (131) with hydrazine to give 4,5-dihydro-1-phenyl.-3J1--








2.3 	5H-2 , 3-'Benzodiazepines 
The 5F1-isomer (134) has been prepared by thermal or basic 
69 treatment of the corresponding lB-derivative (133) 64, 	(Scheme 
44) 
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The energy barrier to ring inversion has been calculated 
to be 	"-'80 kJ mole from variable temperature n.m.r. 
experiments. 	These values are much higher than those reported 
for the parent monocyclic 4H-1,2-diazepine (135), which is 
consistent with the higher degree of ring-rigidity associated 
with the fused benzene ring. 
flN 
(134) 	 (135) 
One other method of synthesis of this isomer (138) is 
reported in the literature. 70-73In  this reaction a benzo-
pyrylium salt (136) is treated with hydrazine hydrate, the 
reaction proceeds via the monohydrazone (137) (Scheme 45). 
This reaction is very similar to the preparation of monocyclic 
4H-1 ,2-diazepines (see Section A.7.11). 
Ft 	 Ft Me 	 Ft Me 
MeO 	 Me MeO/ 0  
MeO 	° 1 MeO _NNH MeO 	 N'  
MeO 	 MeO 	 MeO 
MeO 	 MeO 	 MeO 
(136) 	 (137) 	 (138) 
Scheme 45 
This benzodiazepine undergoes an interesting acylation 
















Acylation occurs at N-3 with concomitant C=N bond 
migration to give (140). 74 
39 
C. 	Iron Carbonyl Complexes of 1,2-Diaza Compounds 
Nitrogen-containing organic compounds have provided a 
wide variety of transition metal complexes. 	This review will 
consider iron carbonyl complexes derived from organic compounds 
which contained two nitrogen atoms, and more specifically those 
in which the nitrogen atoms were initially adjacent. Analogous 
complexes of other transition metals will be mentioned briefly 
for comparison. 
1. 	1,2-Diazepine Complexes 
To date the literature only contains examples of mono-
cyclic 1,2-diazepine iron carbonyl complexes, and in particular 
only those of the 1H- and 411-1,2'--diazepine isomers. 
1.1  lB-i , 2-DiazeDine 
Many examples of iron tricarbonyl 1H-1,2-diazepine 
7776 75, 	, complexes are reported in the literature 3, 	. X-Ray 
diffraction studies 78  have shown that the iron tricarbonyl 




R CO2 Et COCF3  
COPh CH 2CHCH2 
CO2 Pr' CH2 Ph 
CN 	COMe 
This type of interaction between a butadiene unit and 









Ac CO 2 Et 
Ac Ac 
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The iron tricarbonyl complex of the parent iH-1,2-
diazepIne (142) exhibits novel fluxional behaviour via an 




— ON ~(H 
(143) 	
1 L 
_ 	 NH 
Fe(CO)3 -1-- jH 




The intermediate imminium complex (143) is capable of iron 
tricarbonyl migration fluxional behaviour. 
2 ,3-Dihydro-1H-1 , 2-diazepine iron tricarbonyl complexes 
(144) have been prepared by treating the corresponding free 
diazepines with a suspension of diiron nonacarbonyl in benzene., 14 
2,3-Diliydro-1H--1 ,2-diazepine iron tricarbonyl complexes 
(146) have also been prepared by reduction of the corresponding 
1H-complex (145) with sodium borohydride. 	These dihydro 
41 
derivatives were round to be unstable and were converted 
into the more stable N-acetyl derivatives (147) by treatment 
with acetic anhydride (Scheme 48) 
NciBH4  
CNR R _ 
Fe(C0)3 	NN 	 Fe(C0)3NH 
(145) 	 (146) 	 Ac20 
14  
R = Ac,002  Et 	 Fe(C0) 4- \N Ac 
(147) 
1H-1,2-Diazepine iron tricarbonyl complexes have provided 
a more versatile synthetic route to N-substituted 1H-1,2- 









COCH 2 CI 
CO2CH2CC 3  
Me 
CH 2Ph 











This organometallic approach uses the photolysis of an AT-
imInopyridinium ylIde (148) as a source of the 1H-1,2-diazepine 
ring system (149), this is then treated with diiron nona-
carbonyl to give the iron tricarbonyl complex (150). The acetyl 
group is removed by reaction with sodium ethoxide and various 
N-substituted derivatives (151) are then prepared by treatment 
with acyl and alkyl halides. 	Removal of the tricarbonyliron 
residue is achieved by Shvo's8' procedure in which the complex 
is treated with an excess of trimethylamine N-oxide. 	This 
method avoids the limitations associated with the synthesis 
via photolysis of N-iminopyridinium ylides, ie only substituted 
diazepines for which the corresponding ylide is stable can be 
prepared. 
Ruthenium tricarbonyl complexes of 1H-1,2-diazepines 
(153) have also been prepared 76, and their structures are 
similar to that of the iron tricarbonyl complexes, the 
ruthenium residue coordinating via the butadiene unit of the 
heterocycle. 
Ru(CO)3  
(  X NAc 
(153) 
1.2  4H-1 , 2-Diazepines 
The reactivity of this 1,2-diazepine isomer is quite 
different 82  :reaction with iron carbonyls does not produce 
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simple iron tricarbonyl diene complexes, but rather N-N 
bond cleavage occurs to yield a novel bicyclic eight membered 







N 0 (154) Ph 
 (CO)3Fe4 
This reactivity is consistent with the reactivity observed 
for other azine containing compounds (see Section C.2.2) 
A rhodium carbonyl complex of a 4H-1,2-diazepine (155) 
has also been reported 83, in this case the ring system of the 
heterocycle is retained and coordination is via a lone pair 






2. 	Cyclic Fe 2N 2 Systems 
Many examples of dinuclear iron carbonyl complexes 
containing heteroatom bridges are reported in the literature84. 
Included in these examples are compounds containing the diiron 
hexacartonyl group, in which the iron atoms are linked by an 
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interinetallic bond as well as one six-electron or two three-
electron heteroatom bridges. 
These complexes can be divided into two types according 










Among type A complexes; those with three-electron bridges, 
compounds with sulphur bridges have been known longest. 84-87 
Analogous nitrogen-containing complexes were discovered only 
comparatively recently. 
Type B complexes; those containing one six-electron 
bridge, have been prepared from sulphur, nitrogen and phosphorus 
compounds (figure 4). 	Both type A and type B 	nitrogen com- 








This section will survey the literature on dinuclear 
complexes containing the Fe2N 2 system, and in particular 
those complexes derived from diaza containing compounds in 
which the nitrogen atoms were initially adjacent. Complexes 
will be reviewed according to the structural unit present in 
the original nitrogen containing compound. 
Initial interest in these nitrogen complexes was due to 
the fact that compounds containing the diazene ligand (HN=NH) 
were regarded as possible intermediates in the enzymatic 
fixation of molecular nitrogen89 .9O 
2.1 Complexes derived from Azo-compounds 
Until 1963 there was almost no information in the literature 
about transition metal complexes of azo compounds; however, 
since the paper by Kleiman and Dubeck91 describing a nickel 
azobenzene complex, a steady stream of publications has 
appeared. 	These have dealt with complexes of other metals 
such as platinum92, palladium93 and iron94. 	The four different 
ways in which an azo bond can coordinate to transition metals 




N M  
a) 	 (b) 	 (c) 	 (d) 
Figure 5 
Considering iron carbonyl azo compound complexes, three 
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of the four possible types of coordination are known (a, c 
and d), in which the nitrogen-ligand behaves as a donor o 
two, four and six electrons respectively. 	Type (b) coordina- 
tion is encountered in complexes of other transition metals 
such as nickel95, titanium and vanadium96. 
2.1.1 Aliphatic Azo Compounds 
The reaction between azomethane and diiron nonacarbonyl 
gives a dinuclear complex (156) in which the initial skeleton 






This structure, in which the azo-compound behaves as a 
six electron donor, was confirmed by X-ray diffraction. 
The interaction of 2-(methyl-azo)propene with diiron nona-
carbonyl gives rise to a dinuclear complex to which the structure 
(157) has been attributed on the basis of spectroscopic data 98; 








Cyclic azo"compounds also retain their skeleton in 
reactions with iron carbonyls. 	Dinuclear iron carbonyl 
complexes of type (B) have been obtained from 2,3-diaza- 
99-101 bicyclo[2.2.1]hept-2-ene 	(158), derivatives of 1,2- 
102-104 diazacyclopent-4-ene 	(159), 1 ,3,4-thiazoline (160) 101  
106 and dibenzo[1,4,5]oxadiazepine 105, 	(161). 
Fe (CO) 3 






(CO)3 Fe—Fe(CO) 3 
(159) 
DN S- )N 0 
(CO) 3 Fe—Fe(CO) 3  
Reactions of 2,3-diazabicyclo[2.2.1]hept-2-ene diiron 
hexacarbonyl complex (158) have provided further interesting 
complexes. 	Thus irradiation of the complex in the presence 
of iron pentacarbonyl results in the formation trinuclear 
cluster (162) 99 
W. 
~-7 
(CO) 3 Fe—/—Fe(C0) 3 // \ 
Fe (CO)3 
(162) 
Reactions of the dinuclear complex (158) with alkynes, 
both thermally and photochemically, have produced complexes 
in which the alkyne molecules have been incorporated by 
107-109 insertion into the iron nitrogen bond (Scheme 51) 
Fe(C0)3 
Fe(CO)3 
R = H, Me, Ph, CQ2Me 
(CO)3Fe N-\ 	R-C= -R 
I ) 












Similar alkyne insertion reactions have also been reported 
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for benzo[C]cinnoline and pyrazoline diiron hexacarbonyl 
complexes 107-109 
Elegant work by Herberhold et al. 101,102,104  has shown  
that the mechanism of formation for diiron hexacarbonyl azo-
complexes (165) involves two intermediate complexes (Scheme 
52) 
N=N ____ N=N 
	
N—N 
\ 	 /\ 
Fe(C0)4 (C0)3Fe—Fe(C0)3  (C0)3Fe—Fe(CO) 3 
Co 




The iron tetracarbonyl (163) and diiron heptarbonyl inter-
mediates (164) were observed consecutively during the reaction. 
The mechanism of formation of diiron hexacarbonyl complexes 
is further considered in the discussion, Section B. 
It is interesting to compare the reactivity of Group VIA 
metal carbonyls with azo-compounds. 	These metals react to give 
complexes of a quite different type eq. mononuclear complexes 
of types (a-c), and dinuclear complexes of types (d) and (e) 




























In these dinuclear complexes the azo compound behaves 
as a four-electron donor and there is no intermetallic bond. 
Group VIA metals form bonds with the nitrogen lone pair 
electrons, while the 7T electrons of the azo group are not 
involved, this is in marked contrast to the reactivity of 
iron carbonyl complexes. 
The reaction of diiron nonacarbonyl with diazirines (166), 
which are strained cyclic azo-compounds, is a special case. 
MINDO/2 calculations 115  have led to the conclusion that the 
distribution of electron density in these compounds differs 
significantly from that in other cyclic azo-compounds; the 
concept of a free electron pair on the nitrogen atoms is no 
longer valid. 
Despite these differences, a series of unstable complexes 
(167-169) in which the diazirine skeleton is retained, have 
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The preparation of azobenzene iron carbonyl complexes 
was first investigated by Bagga et al. 
94 
 The structure of 
the complex isolated was established by X-ray diffraction 116,117 
and it showed that dissociation of the azo bond had occurred 
and rearrangement to an orthosemidine complex (172) had taken 
place (Scheme 54). 
Ph—N=N—Ph 	A or 





This complex has been prepared both theially and by 
photochemical routes; the yields however were very low 2-3%. 
It has been reported 105  that the reaction of azobenzene with 
diiron nonacarbonyl at room temperature results in the forma-
tion of an unstable complex in which the azobenzene ligand 
is probably incorporated without serious changes, since azo-
benzene is liberated in attempts to purify the complex 
chromatographically or by sublimation. 
It is of interest that the complex which might be expected 
to be formed (173), is in fact the product from the reaction 
of phenyl azide and diiron nonacarbonyl and is found to be 
11 
comparatively stable (Scheme 55). 
Ph Ph 





These observations suggest that there is some mechanistic 
feature which prevents the usual reaction pathway being followed 
when azobenzene interacts with iron carbonyls. 
Ring-substituted azobenzenes behave slightly differently 
in reaction with iron carbonyls. Irradiation of 4,4'-dimethyl-
azobenzene (174) with iron pentacarbonyl gives a trinuclear 








(CO)3 Fe— Fe(CO)3 
N 	 Fe(CO) 5 h') 11 
N • 	 Me 
Me 	
HNN—-Me 
I\ (174) 	 (CO)3FFe(CO)3 
Fe 
Scheme 56 	 (CO) 3 
 
 
Under the same conditions 4,4'-dimethoxyazobenzene (177) 
gives the dinuclear complex (178) plus a small amount of a 










(CO)3 Fe— Fe (CO)3 
Fe(CO) 5 h 	 -H') 
OMe 	 OMe 
CO 





It should be noted that this last type of ring-metallated 
complex is encountered fairly frequently when other metal 
119 -121 
carbonyls are reacted with azobenzene 	. 	 Thus the 













2.2 Complexes derived from Azines 
The reactivity of azines with iron carbonyls differs 
from that observed with azo-compounds; in this case complexes 
of type A; i.e. three-electron donor complexes, are pre-
dominately formed. 
Thus benzophenone azine and its 4,4'-dimethyl derivative 
have been reacted with iron carbonyls to give complexes 
in which dissociation of the nitrogen nitrogen bond has 
123 
occurred (Scheme 58) 













The structures of these complexes have been demonstrated by 
X-ray diffraction. 
An alternative route to these complexes (183) has been 
devised, which also leads to the formation of a small amount 
123 


















(CO)3  Fe —Fe(CO)3  
(184) 
Scheme 59 
The reactivity of benzylideneazine is markedly different; 
it reacts to give a complex in which the nitrogen bond is 
retained. The structure (185) was attributed on the basis of 





The reaction of cyclic azines with iron carbonyls have 
also been investigated, thus the cyclic azine 5,5-dimethyl-
1,4-diphenyldiazacyclopentadiene (186) reacts under mild 
56 
conditions with diiron nonacarbonyl to form two complexes; 
a mononuclear (187) and dinuclear 
124 



















The dinuclear complex contains a bridging carbonyl 
absorption in its infra-red spectrum, and in this case the 
azine linkage behaves as a four-electron donor. 
Cyclic seven membered azines are reviewed elsewhere 
(see section C.1.2). 
2.3 Aromatic Vicinal Diaza Heterocyclic Systems 
These heterocycles can be represented by resonance hybrids 
containing both azo and azine groups, thus it is not surprising 
that the reactivity of these heterocycles with iron carbonyls 
is the same as that encountered for azo-compounds and azines. 
Pyridzine 7 the parent compound of this class of heterocycles, 
reacts with diiron nonacarbonyl to form initially a mononuclear 
complex (189) which reacts further to give a dinuclear complex 
(190) (Scheme 61) 
101,125 
57 
0QN—Fe(CO) CO --- >C=o Fe(CO)3  
(190) 
i 
The bridging carbonyl is identified in the infra-red, 
and the presence of the seven carbonyl groups has been 
demonstrated convincingly by mass spectroscopy. 	Interestingly 
attempts to convert the bridging carbonyl complex into the more 
common diiron hexacarbonyl type of complex were unsuccessful. 
3,6-Diarylpyridazine reacts with iron carbonyls to give a 
diiron hexacarbonyl complex (191) , this structure was demon- 
126127 




An interesting reaction of this complex has been reported109. 
In this reaction maleic anhydride inserts into the iron nitrogen 
bond to give the novel adduct (192). 
Ph (CO), 0 
Ph (CO)3 0 
(192) 
This reaction is similar to the alkyne insertion reactions 
reported for 2,3-diazabicyclo[2,2,1]hept2ene (see section 
C.2.1.1). 	Other workers 109 however, regard this reaction as 
a type of cycloaddition. 
A diiron hexacarbonyl complex (195) was obtained in good 
yield from benzo[c]cinnoline (193)105,106,  the intermediate 
diiron heptacarbonyl complex (194) with the bridging carbonyl 
group was also identified (Scheme 62). 
Q-0 Fe (C O) 
	
N=N 	Q=PN 
93) 	 CO)3e—e(CO)3 \ 
(1 4) 
(CO)3  Fe—Fe(CO) 3 
Scheme 62 	
(195) 
This conversion of a heptacarbonyl complex to a hexa-
carbonyl complex suggests that the formation of the N 2Fe 2 (CO) 6 
group must be energetically favourable, since reaction occurs 
59 
despite the loss of resonance energy due to the breakdown of 
the aromatic system of the heterocycle. 
This hexacarbonyl complex (195) has been reduced with 
lithium aluminium hydride to give 2,2-diaminobiphenyl105 (196) 
(Scheme 63) 
0 	LiALH 
(CO )3Fe—Fe (CO)3  
(195) 
0-9 
H2N NH2  
Scheme 63 
Carbonyl ligand substitution reactions involving this 
complex have also been carried out. 	Many examples of 
phosphines, phosphites, arsines and isonitriles substituting 





L= PR3  
P(OR)3  
AsR3  
Phthalazine (198) has been reacted with iron carbonyl to 
give a range of mononuclear and dinuclear complexes 101,129 



















In contrast to pyridazine complexes, phthalazine 
complexes retain the benzoid rather than the alternative o-
quinoid structure, consequently the phthalazine complex (201) 
has no bond between the nitrogen atoms. 
The unusual dihydrophthalazine complex (202) was obtained 
from reaction of phthalazine with triiron dodecacarbonyl in 
benzene in the presence of methanol. 
The reactivity of pyrazoles with iron carbonyls has 
provided further unusual complexes, thus when pyrazole or 3,5-
dimethylpyrazole was reacted with diiron nonacarbonyl in ether 
1 30,131 





(C0)3Fe 	Fe(CO)3  
(203) 
2.4 	Structural Information 
2.4.1 X-Ray Diffraction Studies 
Considerable data have been assimilated from various 
X-ray studies concerning the N 2Fe 2 fragment, compounds (204) 





(CO )3Fe—Fe (C 0)3  
(20L) 
Ph 
Ph \ / Ph 
NN 
(CO )3Fe—Fe (CO)3  
(205) 
Complex Fe-Fe Fe-N N-N Fe-N-Fe N-Fe-N Ref 
 2.496 1.878 1.366 83.4 42.7 97 
 2.393 1.920 2.25 - - 82 
1.965 
Structural parameters of dinuclear complexes, bond lengths 
in angstroms angles in degrees. 
In complex (204) where a nitrogen-nitrogen bond is 
retained the distance measured is approximately 1.4R, which 
corresponds to a single bond. 	In the other complex (205) 
the distance between nitrogen atoms is 2.2k, which leads to 
the conclusion that there is no bonding interaction. 
The iron-iron distances in the complexes of approximately 
2.45R indicate the presence of bonding interaction. 
In complexes of the type LFe(CO), eq. complex (206), 
X-ray diffraction studies show that the Fe-N bond is 1.98k 
and the nitrogen-nitrogen bond is 1.24i 	In this complex the 







2.4.2 Infra-red Spectroscopy Analysis 
From X-ray diffraction studies it can be seen that the 
N 2Fe 2 (CO) 6 group present in these complexes has C2 symmetry, 
group theoretical analysis predicts that the carbonyl groups 
should possess five infrared-active vibrations. 	The carbonyl 
bonds observed for complexes (207-210) are presented in Table 1 
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Ph2C=N ' Fe(CO)3  
(210) 
Table 1 	Stretching vibration frequency of the carbonyl 
groups 
Complex v(C=O) 
-1 cm Ref S 
207 2065, 2025, 1985, 1970 (cyclohexane) 127 
208 2073, 2033, 1982, 1972 (CS2 ) 105 
209 2068, 2031, 1998, 1986, 1972, 	1967 132 
(hexane) 
210 2047, 2041, 1994, 1979 (cyclohexane) 123 
It can be seen that the spectra for these complexes are 
very similar. 	Indeed the presence of such absorptions is 
now used as evidence for the existence of an N 2Fe2 (CO) 6 residue. 
Infrared spectra yield further important information when 
complexes of the type LFe 2 (CO)7 are studied. 	Apart from the 
four stretching vibration bands of the terminal carbonyl groups, 
they also include an absorption at 1820-1730 cm', which is 
characteristic of a bridging carbonyl group. 
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D. 	Thermal [1,5] Sigmatropic Migrations 
Since the discovery of this class of reaction in 1961,133 
isomeric transformations of conjugated dienes and polyenes has 
become a rapidly expanding branch of organic chemistry. 
1. 	Theoretical Considerations 
Sigmatropic migrations are a type of pericyclic intra-
molecular rrrangement in which an atom or group migrates from 
an initial point of attachment in a molecule, across a conjugated 
system, to a new point of attachment. 
The pattern of reactivity observed for sigmatropic migrations 
has been successfully explained by the Woodward-Hoffman rules. 134 
Sigmatropic change of order [i,j], is defined as the 
migration of a c bond, flanked by one or more ri-electron systems, 
to a new position whose termini are (i-i) and (j-l) atoms 
removed from the original bonded position in an uncatalysed 
intramolecular process. 
Thermal sigmatropic rearrangements where i=l, collectively 
named [l,j] rearrangements were reviewed in 1974,135  a more 
recent review concerned solely with [1,5] shifts appeared in 
1981136.  
There are many kinds of sigmatropic rearrangement, those 
involving a total of (4n+2) electrons are allowed in the all- 
suprafacial mode. 	These are the common reactions and the 


















2. 	Characteristics of the [1,5] miqration reaction and its 
As the review of the experimental data in the following 
sections will show, the 1,5-shift of hydrogen or a substituent 
is an extremely common phenomenon in organic chemistry. 	This 
reaction can be performed by any Z-1,3-diene or polyene system 
including cyclic, acyclic and heterocyclic systems. 	The 
simplest case; the 1,5-sigmatropic shift of hydrogen in Z-




cH3 	 Ku 
(211) 	 (212) 
Scheme 65 
The migrating system of double bonds must have the Z-
configuration, since acyclic E-dienes and cyclic dienes with 
a fixed transoid configuration do not undergo reaction. 
It has been reliably established that these thermal 
rearrangements proceed via a 1,5-shift and not sequential 1,3-
shifts, since the latter pathway would have led to a sequence 
of interconversions of isomers which has been reliably ruled 
out by experimental data. 	In polyene rings it has been further 
demonstrated that these thermal isomerisations involve 1,5- and 
not 1,7-shifts. 
On the basis of the following five features it is possible 
to unambiguously identify an isornerisation of a diene or 
polyene as a [1,5] sigmatropic migration. 
i) The absence of hydrogen exchange in the isomerisation 
- an intramolecular mechanism. 
 Comparable reaction rates in both liquid and gas phase. 
 A high negative entropy of activation - a highly 
ordered transition state. 
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A high primary kinetic isotope effect, KH/KD>6 
for hydrogen migration. 
Stereospecificity of the reaction. 
Interesting information about the 1,5-shift reaction 
mechanism can be obtained by examining the cyclopentadiene 
(213), cyclohexa-1,3-diene (214) and cyclohepta-1,3-diene (215) 
systems. 
	
10 	ci 	Q 
(213) 	 (214) 	 (215) 
The rate of 1,5-hydrogen migration in these systems 
decreases in the sequence C5>C7>>C6, this should be compared 
with the acidity sequence of these hydrocarbons; C5>C6 C7, 
thus it can be concluded that there is no charge separation 
in the transition state. 	This conclusion has been confirmed 
by the weak dependence of the rate of reaction with the nature 
of the solvent and also by the comparable rates of reaction 
observed both in the liquid and gas phases. 	These observations 
are entirely consistent with a concerted process. 
The rate of reaction for 1,5-hydrogen migration is found 
to vary within fairly wide limits, the reaction is most facile 
in cyclopentadiene (AG84 k mol 1) and most difficult in 
cyclohexadienes (AG 	163 kj mol 1). 	These differences in 
rate are related to the distance between the migrating centres, 
C(1) and C(S) of the diene fragment (216). 
(216) 
The ease of migration is determined by the distance of 
approach of the C(5)-H bond and the ff orbital of C(1). The 
conformation of cyclopentadiene 141 is planar and almost planar 
in the case of cyclohexa-1,3-diene142, cyclohepta-1,3-diene143  
and higher analogues possess non-planar conformation. 	An 
estimate of the distances migration centres can be arranged 
in the sequence C5<C7-C9<<C6, which is in good agreement with 
the experimentally observed rates of 1,5-hydrogen migration in 
these cyclic dienes. 
The end product of 1,5-migration of hydrogen is the esta- 
blishment of thermodynamic equilibrium between isomers. 	Two 
limiting situations can be envisaged, in one the difference 
between the free energies of the isomers is close to zero and 
their concentrations in the mixture are equal. 	An example of 
this situation is provided by deutero-derivatives of dienes and 
polyenes. 	In the second limiting situation one of the isomers 
is much more favoured by energy factors (AAG>6 kj- mol 1) , and 
its concentration in the equilibrium mixture is close to 100%. 
3. 	Selected Literature Examples 
3.1 Hydrocarbon Systems 
The suprafacial nature of [1,5] hydrogen migration in 
acyclic systems has been conclusively demonstrated by Roth et a1 44  
The optically active diene (217) gave the two isomers expected 
from a suprafacial [1,5] shift, but gave neither of the isomers 
expected of an antarafacial migration. 





E t Z/M e HM e 
The 5-deuterocyclopentadiene (218) was synthesised by 
treating cyclopentadienylmagnesium bromide with deuterium oxide 
o145 	 o 
at -5 C 	. Subsequent heating at 60 C for one hour resulted 
in the formation of equal amounts of the 1-, 2- and 5-deutero- 
cyclopentadienes. 	It was noted that this interconversion was 
not accompanied by intermolecular hydrogen exchange (scheme 66) 
70 
(218) D 	 D ____ 
:D- 
	
33% 	 33% 	 33% 
Scheme 66 
An example of 1,5-sigmatropic migration in an indene 
system is provided by the thermal isomerisation of 1-methyl- 
145 1-phenylindene 	(219 (scheme 67) 
H 	____ 
Me shift C): ,><Me cp~ 
Ph 	 Ph 
(219) Me Ph 
Ph shift 	 tJ?KPh 	
CQ> 
Me 	 Me 
The ratio of isomers in the product mixture made it 
possible to rank the substituents according to their ability 
to migrate; H>>Ph>Me. 
The cyclohepta-system has received comparatively little 
attention but Miraov has carried out some interesting studies. 
2-Methylcyclohepta-1,3-diene (220) has been found to undergo 
71 








	 5% 	 5% 
CS•S £Q 
Isomerisation of the analogous 2-deutero derivative led 
to a uniform distribution of the label in all positions '46, 
this reaction proceeds in the absence of hydrogen exchange 
between molecules, indicating an intramolecular mechanism. 
The 1,5-migration of hydrogen in cycloheptatrienes has 
been convincingly demonstrated; heating 7-deuterocyclohepta-
1,3,5-triene (221) at 1400C resulted in scrambling of the label 
between all four possible positions 147, and this transformation 
took place via an intramolecular mechanism. 	A non-planar 
symmetrical transition state (222) has been suggested (scheme 69) 




A number of studies concerned with the thermal transforma-
tion of monosubstituted cycloheptatrienes have been reported. 148- 
150 A general tendency identified was the thermodynamic 
72 
stability of the 7-isomer, and that the presence of methoxy 
and N,IV-dimethyl substituents led to a sharp increase in the 
rate of 1,5-migration 150 (scheme 70) 




k(XNMe ) = 700k (xH) 
Scheme 70 
3.2 Diaza Heterocyclic Systems 
The van Aiphen-Huttel rearrangement of 3H-pyrazoles occurs 
151,152 
via 1,5-sigmatropic shifts 	. 	 Depending on the nature 
of the migrating group, rearrangement to nitrogen or carbon is 
favoured. 	Thus the 3,3-dimethyl-3H-pyrazole (223) rearranged 
via 1,5-methyl migration to C-4, followed by facile aromatiza-
tion to give the 1JI-pyrazole (224) (scheme 71) 
Me  
------- VW- M e 
- <NN~/ — 






The 3H-pyrazole (225) rearranged by 1,5-phenyl migration 
to both carbon and nitrogen giving compounds (226) and (227) 














A further study by Schiess and Stalder153 showed that 
the migratory aptitude of various alkyl groups within the 311-
pyrazole system was benzyl>>ethyl>methyl (scheme 73). 
R CH3 	 CH3  
cçN 	 R'H 
CH3 	 CH3  
R= CH2Ph, Et, Me 
Scheme 73 
Sharp et at. 36 have reported the 1,5-migration of a vinyl 
group in preference to a methyl group following the thermal 




A particular facile [1,5] alkyl shift has been reported 
by Sergio and co-workers154'155. 	This occurs spontaneously 
in the intermediary pyrazoles (230) formed by the cycloaddition 
of disubstituted acetylenes to diazocyclopentadienes (229) 
(scheme 75). 	This should be contrasted with the hydrocarbon 















Substituents on diazacyclopentodiene 
omitted for clarity. 
R1 
Scheme 75 
A 1,5-sigmatropic hydrogen migration has been postulated 
by Sharp et al. in the mechanism of formation for 1H-2,3- 
64 
benzodiazepines 	(scheme 76) . 	 In these reactions c3,y6- 
unsaturated diazoalkenes of the type (231) undergo 1,7-ring 
closure to give the 4H-2,3-benzodiazepine (232) which re-
aromatises by a [1,5] sigmatropic hydrogen migration to give 
the product (233). 	This 1H-isomer (233) can undergo a further 
[1,5] sigmatropic hydrogen shift at elevated temperatures to 
























The 3H-1,2-diazepine system 34  possesses a particularly facile 
1,5-hydrogen shift which interconverts the two diazepine 
isomers (235) and (236) 
These shifts are remarkably fast compared with analogous 
cycloheptatrienes34. 	This chemistry is the subject of further 
research contained in this thesis. 
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E. 	Azoxy Compounds 
The lone-pair electrons of an azo group can form dative 
bonds with either one or two oxygen atoms to give azoxy 
compounds or nitroso dimers respectively (Scheme 77). 
0 
	
NN 	Azoxy Compound 
/N=N\ 
/ 
N=N 	Nitroso Dimer 
(Azodioxy Compound) 
Reviews of aromatic and aliphatic azoxy compounds are 
available157'158, some relevant examples of aliphatic azoxy 
compounds and 1,2-diazepine N-oxides will be considered here. 
Oxidations of azo compounds have been carried out in good 
yields with peracids or hydrogen peroxide, an example is the 




Oxidation of o,-unsaturated azo compounds with peracetic 











The location of the oxygen atom was found to be 
dependent on adjacent alkyl substitution. 	Interestingly 
the competing reaction to give epoxides was not observed. 
In one case an azo compound was very unstable even at 
-78°C, the stable azoxy compound (239) could however be 
prepared by an oxidative hydrolysis method 
161 (Scheme 79). 
1 0 1 
NNMe 
	






The use of photolysis in azoxy compound synthesis enables 
isolation of the elusive cis isomer. 	In most cases irradiation 
of a trans azoxy compound (240) results in a mixture of the 
cis compound (241) together with the cyclic oxadiaziridene 


















When there are two different substituents attached to 
the azo group, more products appear due to oxygen migration 163 
(Scheme 81) 
9 	 hv 	
0 	F3 
Ph—N=N-Me 	 Ph-N=N-Me 
Trans A 
Product - Trans A 14% 
Mixture 	Cis A 	21 % 
Trans B 10% 
Scheme 81 	 Cis B 	3% 
Only two examples of 1,2-diazepine N-oxides are reported. 
In one treatment of the diazepine (243) with trifluoroperacetic 
acid in the presence of sodium carbonate gave the diazepine 
N-oxide (244) 164,165 
Ph 1, X Ph 	
No Ph X X Ph 
N—N 	 N—N 









C -.1,-,-s Q) 
Photolysis of this N-oxide (244) resulted in the formation 
of the bicyclic compound (245), and the diazoketene (246) 
which decomposed to give 1,5-diphenylpent-4-en-1-one (247) 
(Scheme 82). 
The other example is a 1905 preparation of the dibenzo 
1,2-diazepine N-oxide (249) by air oxidation of the corres-











This early reaction has since been repeated using peracetic 
acid as the oxidant168. 	Chromium oxidation of (248) was found 
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DISCUSSION 
Preamble and Programme of Research 
Sharp and his co-workers have reported the synthesis of 
3H -1,2-benzodazepines 
56  (1) and 1ll-2,3-benzodiazepines (2) 64  
via 1,7-electrocyclic ring closure of a,y-unsaturated diazo-
compounds (scheme 1). 
(2) 
During an extension of this work to examine dienones (3) 
having only olefinic unsaturation, an unexpected acid catalysed 
cyclisation reaction of the precursor tosylhydrazones (4) to 










a Me H 
b Me Me 
C Ph H 





These 1-tosyldiazepines (5) are important as precursors 
in the only known route to the fully unsaturated 3H-1,2-diazepine 
system 34 (scheme 3). 	Another route, via the 1,7-electro- 
cyclisation of a)3,y-unsaturated diazocompounds has been dis-
covered since the conclusion of this work. 169 
	







_N 	Me2\\ ,N 
110°C 	
R2 	 H R 
(5) 	 (6) (7) 
This system has been shown to have some unique and 
interesting aspects to its reactivity, for example, the specific 
1,5-hydrogen shift which interconverts (6) and (7) is ca.10 10 
faster than in cycloheptatrienes - the analogous all-carbon 
ring system. 	This migration is so rapid at room temperature 
[t½ 	for (6), R'=H, R 2=Me, at 0 
0  C is ca.30 mini that the isolation 
of pure samples of each isomer is extremely difficult. 
One of the major objectives of this work was the further 
study of this rapid hydrogen shift and in particular the investi-
gation of ways in which the separation of these isomers (6) and 
(7) might be achieved so as to facilitate further kinetic studies 
on the migration reaction. 	To this end it was intended to 
study firstly, the preparation and separation of derivatives of 
(6) and (7) in which it was hoped that the rate of the hydrogen 
migration would be much reduced, and secondly, their subsequent 
reconversion to the diazepines. 	Thus it was planned to work 
on both the preparation of organometallic derivatives of (6) 
and (7) and on their conversion to azoxycompounds. 	Reactions 
to regenerate the diazepines from these derivatives would also 
be examined. 
In addition to this aspect of the diazepine chemistry the 
programme also included further work on the synthesis of these 
systems. 	The cyclisation reaction of (3) to (5) had worked 
well in a number of cases but in several others (8a-e) it had 
not proved possible to cyclise the tosylhydrazones under acid 
catalysed conditions. 33 





R1  R 2 R 4 
a Me H Me H 
b H Me Me H 
c H Me Ph H 
d Me Me Ph H 
e Me Me Ph Me 
It was planned to investigate further the effects of 
substituents on this cyclisation in the hope of devising ways 
to extend the range of the synthesis. 
A. 	3H-1,2-Diazepines and their rearrangements by rapid 
[1,51 hydrogen migration 
1. Synthesis 
The 3H-1,2-diazepines (10) and (11) were prepared by 
the method of Sharp et al 34;  by the base induced elimination 
of p-toluenesulphinic acid from their 3,4-dihydro-2-tosyl-1,2-





HR1 	 R1  
Na 0 Et 	
Me 	
N 
Me 	'I CL  110°C 
R2 	 R2 
(10) (11) 
Scheme 4 
Compound R1  R 2 Yield % Ratio 	(10):(11) 
a Me Me 81 One isomer formed 
b H Ph 82 >99:11u0 
c H Me 78 85:15 
d Me Et 88 52:48 
e Me i-Pr 74 34:66 
f Me CH2CH2Ph 93 49:51 
9 Me Ph 84 >99:",O 
The general method was to heat the tosyldiazepine with 
a two-fold molar excess of sodium ethoxide in dry toluene, at 
ca.100 0 when precipitation of sodium p-toluenesulphinate occurred. 
Heating was continued until inspection by t.l.c. showed that all 
the starting material had been consumed. 	After work-up, the 
3H-1,2-diazepines were isolated as yellow oils, and purified by 
distillation or recrystallisation. 
The synthesis of the precursor 3,4-dihydro-2-tosyl-1,2-
diazepines is discussed in detail in section C of this discussion. 
In these reactions the primary product (10) was not always 
the only compound isolated; in four cases the product was an 
equilibrium mixture of the two isomers (10) and (11) 
2. 	Structural Assicinment 
The structures of the 3H-1,2-diazepines (14) were inferred 
mainly by comparison of their properties and spectra with those 
of the known 3H-1,2-(13) and 1H-2,3-benzodiazepines (12). 
(12) 	 (13) 	 (14) 
1H-2,3-benzodiazepine 	3H-1 ,2-benzodiazepine 3H-1 ,2-diazepine 
Like both these known benzodiazepines, the monocyclic 
3H-1,2-diazepines were yellow, either oils or crystalline solids. 
They were sufficiently thermally stable to survive rapid 
distillation without decomposition, but they decomposed or 
isomerised to pyrazoles (15) on prolonged heating 35,36  (scheme 
5) 
R 
It was also demonstrated that like 1H-2,3-benzodiazepines 
they were rapidly photolytically isomerised via ring closure of 
the diazabutadiene unit to give bicyclic compounds of the type 
(16) 
37 (scheme 6). 
CN 	e 
Examination of the mass spectra of 3H-1,2-diazepines showed 
pronounced similarities to those of their benzo-annelated 
analogues; major fragmentation pathways via loss of N2 and 
methyl fragments being evident. 34 
The most important evidence for the structural assignment 
of 3H-1,2-diazepines however, was derived from their 'H and 13C 
n.m.r. spectra. 	The proton spectra of 3H-1,2-diazepines very 
closely resembled the spectra of similarly substituted 1H-2,3- 
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benzodiazepines; for example in compounds (17) and (18) , the 
chemical shifts of the two protons attached to the saturated 
ring carbon had the characteristically wide difference in 
chemical-shift. 
	
Ph 	 Ph 
. 
.............. 152Op.p.m. 	 1563 ppm. 
N0. I -H  jLH 
H 	.. 	 H 
693 ppm. 	 ......... 	 667 ppm. 
564 	 6589 
(17) 	 (18) 
This phenomenon arises from the deshielding effect that 
the adjacent azo group has on ct-protons which lie in the 
-C-N=N- plane, protons above or below the plane are not affected. 
An unexpected feature of the 'H n.m.r. spectra of 3H-1,2-
diazepines was the absence of any marked temperature dependence. 
The spectra of 1H-2,3- and 3H-1,2--benzodiazepines, structures 
(20) and (19), exhibited pronounced temperature dependence in 
the peaks of the methylene hydrogens due to ring inversion as 
shown in table 1. 
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Table 1:. The coalescence temperatures and free energies 
of activation for rinq inversion of some 1,2-
diazepines 
Compound Coalescence 
Temperature 0 C 
AG4 Ring Inversion 
kJ mol -1  
Me 
(19) 25 59 
N 
CCNI~
(20) 60 63 
(21) >130 >77 
Me 
Me 
In the case of 3H-1,2-diazepines, no coalescence was 
observed up to 130°C, when decomposition started, although peak 
broadening was detected from 700 onwards. 	A possible explana- 
tion for this alternative behaviour can be provided by examina-
tion of the stability of the planar intermediate involved during 
ring inversion. 	These heterocycles are normally in the puckered 
boat configurations (22) and (23) , with little delocalisation. 
However when they invert, the planar intermediate must be 
stabilised to some extent by electron delocalisation so lowering 
the energy barrier to ring inversion. 	System having a fused 






(22) 	 (23) 
be expected to possess extra stabilisation in the planar 
transition state due to conjugation with the aromatic ring. 
This will be absent in the case of the monocyclic system (21) 
and may account for its higher energy barrier to ring 
inversion. 
13c Spectroscopy further confirmed the structure of the 
compounds as monocyclic seven membered rings. 	The C-3 
saturated carbon attached to the azo-group is strongly de-
shielded and absorbs in a range (65-77 ppm) very similar to 
that observed for analogous benzo-annelated diazepines, see 
structures (17) and (18) . 	The assignments of 13C signals 
were confirmed by SFORD proton decoupling and/or the totally 
proton coupled spectra. 
3. 	Mechanism of Formation 
It has been suggested 34  that the formation of 3H-1,2-
diazepines (25) from 3,4-dihydro-2-tosyl-1,2-diazepines (24) 
occurs via either an E1cB or E2 elimination mechanism as 


















It was envisaged that this elimination took place via 
proton abstraction at the C-4 methylene group. 	It is inter- 
esting to consider that the alternative simpler elimination 
mechanism shown in scheme 8 would have produced a 4H-1,2-
diazepine (26) which by comparison with the analogous 1H and 511-
2,3-benzodiazepines would be expected to be the more thermo-
dynamically stable isomer. 
not observed C--- N 
 
Scheme 8 
The preference for the observed reaction could be due to 
either, the higher acidity of the C-4 than the C-3 protons, 
or to simply the steric inaccessibility of the antiperiplanar 
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conformation in (24) which would be required for elimination. 
Some precedent for this postulated mechanism of formation 
for 3H-1,2-diazepines is provided by analogous reactions carried 
out by Bartlett and Stevens 170. 	They carried out the base- 
induced conversion of the 1-tosyl pyrazolenine (27) to the 
1H-pyrazole (28), as shown in scheme 9. 
	
B) Me Me 	 Me Me 	 Me 




Me 	 Me 	 Me 
(27 
The pyrazolenine (27) possesses no os-protons and so the 
elimination reaction must proceed by initial 13-hydrogen abstrac-
tion, 
Thus the mechanism shown in scheme 7 seems a reasonable 
proposal, however there is no direct evidence for its operation 
and other reaction pathways from (24) to (25) can be envisaged. 
New light was unexpectedly thrown on to the mechanism of 
the elimination by some work on the functionalisation of the 
3,4-dihydro-2-tosyl-1,2-diazepines (29) which was undertaken 
in the early stages of this project. 	The original intention 
was to generate the anion (30) by the low temperature deprotonation 


















It was hoped that this anion (30) could be then quenched 
with electrophiles to yield the 4-substituted diazepines (31) 
This reaction path was not realised, but instead on quenching 







The structural assignment of this compound was inferred 
mainly by comparison of its spectra with those of the analogous 
ketone (33) and hydrazones (34) 
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Me ,,= 	 Me '= 
TI 
'=NNHR 
Me 	 Me 




For example the 1H n.m.r. spectra contained the charac-
teristic three spin vinylic pattern shown in figure 1. 
639 br 
	 525 br(d 	Qb  10Hz) 
(d of d, Gb 18 HzJ ub 	Hz: 
540 br(d, 0b'  18Hz) 
Figure 1 
13C N.m.r. showed the presence of a deshielded methyl 
group at 38.7 p.p.m. which was consistent with an N-methylated 
structure. 	No NH signal was detected by I.R. or proton n.m.r. 
spectra. 
A likely mechanism for the formation of this compound 
would be via C-4 proton abstraction and ring cleavage to give 
the ring opened anion (35) which was subsequently alkylated 
with methyl iodide to give the N-substituted tosyihydrazone 
(36) (scheme 11) 
	
B 	H 
Me 	 Me = 	 Me 
O NTs 
'N-N-Ts 	 "N-N-Ts 
Me 	 Me 	 Me 
(35) (36) 
In view of this new experimental data it is now proposed 
these 
that the mechanism of formation for,J3H-1,2-diazepines from 







NcOEt 	 Na 
110°C 	 N-N-Ts 
Me 	(38) 
Me 	- 
=N=N + NuTs 
Me 
(39) 
Treatment of the tosyldiazepine (37) with ethoxide results 
in the formation of the tosyihydrazone anion (38) which under 
the elevated temperature conditions, 1100,  decomposes to give 
p-toluenesulphinate anion and the diazo compound (39). This 
diazo compound then undergoes 1,7-electrocyclisation to give 
the 3H-1,2-diazepine (40). 
This alternative mechanism is also supported by further 
work carried out since completion of this project. 	Sharp and 
Robertson 169  have recently found that a,cS-unsaturated diazo-
compounds of the type (41) will ring close by intramolecular 
1,7-electrocyclisation to give 3H-1,2-diazepines (42) as 
depicted in scheme 13. 
Ph 
Ph 















4. 	Isomer Interconversion 
The formation of two interconverting isomeric diazepines 










hrin 	1 A 
150 	 100 	 50 
Figure 3 
HMe 	 Me 
Me  
_'rJ + Mek\j 
150 	 100 	 50 






Me one isomer formed 
Convincing evidence for the existence of the two isomers 
was provided by n.m.r. spectroscopy and in two cases resolution 
of the mixture of two isomeric diazepines was achieved by high 
performance liquid chromatography at low temperature. 
Considering first the n.m.r. data, figures (2) and (3) 
reproduce the 13C n.m.r. spectra for 3,5-dimethyl-7-phenyl-3H-
1,2-diazepine and the 34:66 mixture of 3,5-dimethyl-7-isopropyl 
and 5,7-dimethyl--3-isopropyl isomeric 3H-1 ,2-diazepines. 
Examination of these spectra revealed that in the latter example 
(figure 3) all the expected resonances were present in duplicate. 
For example in the 65-85 p.p.m. region, characteristic of the 
saturated C-3 carbon attached to the azo-group, two signals at 
70.9 and 82.0 p.p.m. were present. 	In the C-7 ring carbon 
region, strongly deshielded at 150-170 p.p.m., two signals at 
154 and 165 p.p.m. were present. 	Similar duplication was 
observed for the remaining ring carbons and aliphatic sub-
stituents. 
Proton spectra also exhibited resonances consistent with 
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Expansion of region B 
H ,  xx 	y Hy 	 Ha 	 H  
101 
achieved at 100 MHz was not sufficient to enable unambiguous 
identification of all the resonances present in the two isomeric 
diazepines, but this problem was solved when spectra at 360 MHz 
were obtained. 	Figures (4) and (5) reproduce the spectra 
obtained for the 52:48 mixture of 3,5-dimethyl-7-ethyl and 
5,7-dimethyl-3-ethyl isomeric 3H-1,2-diazepines, the assignments 
were confirmed by a series of low power decoupling experiments. 
The key feature of the spectra was the coupling pattern of 
substituents attached to the C-3 and C-7 ring carbons. 	Con- 
sidering the 3,5-dimethyl-7-ethyl isomer (45) first, the 3-Me 
appeared as doublet with a coupling constant of 6Hz to the 
adjacent C-3 proton. 




Me \ 	,N ii 
6 7 	Hx ..................... ..259(sextetJ 	7Hz) 
Hx .................... 	285(sextet ) J 7Hz) 
Me 
('5) 
This proton on C-3 appeared as a quintet with coupling 
constant of 6Hz, indicating that coupling to C-3 methyl and 
C-4 proton were of the same magnitude. 	The diastereotropic 
methylene group attached to C-7 appeared as two separate 
multiplets; overlapping doublets of quartets. 	With the 5,7- 













• 5238(dJ 1Hz) 
7' 
6 N 1 
Me-,N........... 6233 (heptet, J 7Hz) 
155(qJ 6Hz) 	Me 	'6257(heptet ) J 7Hz) 
(46) 
The C-7 methyl group gave a fine doublet with a small 
four bond coupling of 1Hz to the C-6 proton. 	The proton 
attached to C-3 appeared this time as a quartet with a typical 
three bond coupling constant of 6Hz. 	This proton was coupling 
to the C-4 proton and to the methylene group of the ethyl 
fragment. 	The diastereotropic methylene protons of the ethyl 
group appeared as two separate heptets resulting from an over-
lapping doublet of doublet quartets. 
In two examples, separation of the diazepine isomers on an 
analytical scale was achieved by high performance liquid 
chromatography, figures (6) and (7) reproduce the chromatograms 
obtained. 	Resolution of the remaining isopropyl and phenethyl 
substituted diazepine mixtures was not possible although an 
extensive range of column packing/solvent combinations were 
examined. 	Significant peak broadening was detected in a 
number of cases, and this indicated that some separation on the 
column must have been taking place. 
The chromatographic separations were carried out at 0 0  C 
because cooling was found to inhibit significantly the isomer 
interconversion and thus improve peak separation. 
The diazepine fractions from the column were collected 
and stored at -80°C, further analysis of these samples after 
3 h by repeat h.p.l.c., showed that greater than 90% isomer 
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purity was retained. 
Conversely if the diazepine isomers were stored at room 
temperature they were found to return rapidly to the previous 
equilibrium ratio. 
These experiments provided significant clues to the nature 
of the mechanism responsible for the isomer interconversion. 
A priori the formation of the second isomer (47) could be 
envisaged to occur by three pathways (scheme 15) 
,Ts 
Mechanism 
(a)(b) or(c) Cl  ::Z— rN I 
(47) 
1 
a) Base catalysed isomerisation, a two-fold excess of ethoxide 













b) Intermolecular isomerisation by the diazepines 
themselves (scheme 17) 
HR1 	 HR1 
	








and finally c) intramolecular mechanism, ie [1,51 sigmatropic 
hydrogen migration. 
Option a) can be ruled out because the isomer intercon-
version still takes place in the absence of base, as demonstrated 
during h.p.l.c. analysis. 	Furthermore base catalysed isomerisa- 
tion would be expected to give the more stable 4H-isomer by 




Scheme 18 	1H 	 5H 
N 	 N- 
Scheme 19 	3H 
H 
1H 
In these two base-catalysed benzodiazepine isomerisations56'64'69, 
it is clearly demonstrated that the destabilised azo containing 
benzodiazepines are readily converted to the thermodynamically 
preferred 5H- and 1H-isomers respectively. 
By this argument 3H-1,2-diazepines (48) would be expected 
to react with base to give the thermodynamically preferred 4H—
isomer (49) (scheme 20) 
(48) 	 (49) 
Scheme 20 
In fact 3H-1,2-diazepines have been shown to react with 
strong bases but gave no isolable products171. 
Option (b) seemed a real possibility since although the 
nitrogens in an azo-group have very low basic character compared 
with amines, the hydrogens on C-3 of the diazepine are slightly 
activated by the electron withdrawing effect of the azo group. 
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Therefore it was decided to test this option by experiment. 
If the diazepine mixture, in dynamic equilibrium, was placed 
in a solvent containing easily abstracted deuterons then on 
the basis of this mechanism the hydrogens on C-3 should exchange 














Thus the 85:15 ratio mixture of 3,5-dimethyl (50) and 
5,7-dimethyl (51) 311-1,2-diazepines were dissolved in a five 
fold molar excess of CD3OD at room temperature and their proton 
n.m.r. spectrum was monitored over a period of 24 h. 	No uptake 
of deuterium atoms was observed thus ruling out the operation 
of this mechanism. 
This leads to the conclusion that the hydrogen migration 
is intramolecular, ie a particularly rapid example of [1,51 
sigmatropic hydrogen migration. 
Sharp has carried out a kinetic study on the isomer inter-
conversion utilising the h.p.l.c. separation technique outlined 
above. 	He monitored the conversion of (52) into (53) at 0 0  C 
over a 90 minute period, from the kinetic data the rate constant 
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K1 was calculated to be 0.56x10 4. 	Comparison with rate 
constants for analogous cycloheptatrienes (54) and (55) showed 
that the diazepine [1,5] hydrogen migration was 1010  faster. 
a K 1  Rate Constant K1  at 0°C 
 









4 x 1014 
-5 
56 x 10 
Typically, [1,51 sigmatropic hydrogen migrations in cyclo-
heptatrienes are only observed at elevated temperatures, >1000, 
whereas this unusual diazepine migration is still rapid at 
room temperature. 
Two explanations for the greatly enhanced rate of migration 
present in the diazepine system are possible; either that the 
electronic effect of the azo group is responsible, or that the 
structural geometry of the diazepine ring is particularly 
favourable. 
Considering the electronic effect first, a molecular 
orbital description of the transition state for [1,5] sigmatropic 
hydrogen migration in cycloheptatriene has been recently reported 
I: 
by Dobbelaere et al. 172, and is illustrated in figure 8. 
Figure 8 
The cycloheptatriene [1,5] sigmatropic hydrogen transition state 
consists of a planar pentadienyl system perturbed by an out- 
of-plane olefin bond which is no longer in conjugation. 	The 
charge transfer in this system was found to be close to zero; 
0.99 electron density on the migrating hydrogen, thus the 
transition state is essentially a hydrogen atom interacting 
with a perturbed pentadienyl radical (56). 
(56) 
According to FMO theory the major stabilising orbital 
interaction in the transition state for 1,5-suprafacial hydrogen 
shifts is that between a singly occupied pentadienyl 	and 
a singly occupied hydrogen is orbital (figure 9) which will be 





6  T 	 - Ii 
Figure 9 
The degree of stabilisation in the transition state 
contributed by this interaction is related to s (figure 10) 
which by second order perturbation theory is inversely related 




IL, 	 - ::: 	is 
LPi 	
IL, 
Pentadienyl 	Transition 	Hydrogen 
Fragment 	 State 	 Atom 
Figure 10 
Thus any effect which lowers the energy of 	thus reducing 
E, should stabilise the transition state and lower the activation 
energy of the reaction. 
In figure 11 data 173 on the effect of C-i substituents on the 









The effect of an electron withdrawing substituent Z, is 
to lower both the HOMO and the LUMO energy. 	Thus by analogy 
the energy of 	in the 3H-1,2-diazepine (58) would be expected 
to be lower than that in cycloheptatriene (57) due to the 
electron withdrawing effect of the azo group attached to both 








(57) 	 (58) 
Figure 12 
This will promote a better interaction with the hydrogen 
is orbital and be expected to have a marked rate enhancing 
effect on the hydrogen shift. 
It also seems likely that the transition state will have 
considerably greater polar character in (58) than in (57); the 
former could be seen as intermediate between (59) and (60) 
	
C-H- 	 - C-H 
(59) 	 (60) 
In a general configuration interaction treatment of 
pericyclic reactions some years ago, Epiotis174 predicted that 
polar contributions should have a major accelerating effect on 
[1,5] sigmatropic hydrogen shifts. 
Another possible explanation for the enhanced rate of 
migration is simply a shorter distance of approach of the hydrogen 




This distance of approach argument has been put forward previously 
to account for the differences in rate of [1,51 sigmatropic hydro-
gen migration encountered in various cyclic dienes141143; the 
authors showed that the distances between migration centres was 
satisfactorily correlated with the sequence based on decreasing 
rate of [1,5] sigmatropic hydrogen migration, i.e. C5<C7-C9<<C6 
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(see introduction Section D) 
When the differences in distance of approach in the 
diazepine and cycloheptatriene systems are examined they are 
found to be only marginal compared with the cyclic diene 
series (Table 2) 
Table 2. The distance of approach between miqration centres 
for [1,5] sigmatropic hydrogen migration in some 
cyclic coniucrated dienes 
CONJUGATED DIENE Distance between 
migration centres 
Rate of Migration 
qualitative 
C-C C-H 
cyclopentadiene 1.5 2.2 Fast 
cyciohexa-1,3-diene 2.5 2.9 Slow 
cyclohepta-1,3-diene 2.8 2.6 Medium 
cyclo-octa-1,3-diene 3.0 2.5 Medium 
cycloheptatriene 2.8 2.7 Medium 
3J1-1,2-diazepine 2.78 2.75 Very fast 
From these data it seems unlikely that the distance of 
approach between migration centres is unusually favourable in 
the diazepine system. 	Thus it seems unlikely that steric 
factors make a major contribution to the accelerated rate of 
migration encountered in 3H-1,2-diazepines. 
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A further example of greatly enhanced rate of [1.51 
sigmatropic hydrogen migration in a seven membered ring has 








Although no kinetic data was reported they found that the 
cyclic lactone (62) readily converts into the isomeric compound 
(63) at only 4°C. 	It is interesting to note that in this 
striking parallel to the diazepine system, the moiety perturbing 
the pentadienyl unit; the lactone linkage, is also strongly 
electron withdrawing. 	Thus the weight of evidence favours the 
electronic effect as being responsible for the rate enhancement 
of [1,5] sigmatropic hydrogen migration encountered in 3H-1,2-
diazepines. 
The diazepine equilibrium isomers ratios were found to be 
very similar to those of hydrocarbon systems which interconverted 
by [1,51 sigmatropic hydrogen migration150. 	The following 
general features which control the thermodynamic stability of the 
isomers had been identified; 
a lower stability of isomers containing a substituent 
in the methylene group; 
comparable stability of isomers differing in the 
position of an alkyl substituent attached to the butadiene unit; 
substituents which lengthen the conjugation in the 
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1-position are preferred. 
The diazepine mixtures agreed with these observations for 
example in the dimethyl substituted diazepine mixture the 
isomer containing a methyl substituent in the methylene group 











Similarly with the phenyl substituted diazepines only one isomer, 
the one with extended conjugation (65), was observed (figure 14). 
H R 	 R 	RHMe 
(55)  
M\ N N Me 	 e  
Ph 	 Ph 
100% 	 not detected 
Figure 14 
Of the remaining diazepines, those with alkyl substitution at 
either end of the 1,5-fragment, the isomers were present in 
approximately equal proportions consistent with observation ii) 
Another point of interest about this isomer interconversion 
is its high specificity, for example there is no leakage via 








R2 	 R2 
3H-1 ,2-diazepine 	 4H-1 ,2-diazepine 
As previously discussed the 4H-isomer which has no azo- 
group would be expected to be the most thermodynamically preferred 
isomer - yet is not formed. 	The transition state (66) , must be 
energetically disfavoured compared with (67) 
(67) 	N 
Attempts to induce this alternative [1,5] shift to take 
place by raising the temperature were thwarted because the 
diazepine then reacts by other pathways 35,136  (see Introduction 
Section A.6.2) 
116 
B. 	Diiron hexacarbonyl 1,2-diazepine complexes 
1. 	Introduction 
The first synthesis of 31I-1,2-diazepines has been recently 
reported by Sharp et al. 34 	This is an interesting ring 
system because of the fast [1,5] sigmatropic hydroge:i migration 
which interconverts the two isomers (68) and (69). 
	
HMe 	 Me 
_ 	 rN N 
Me 	
IN 
	 Me \ N 
(68) 	 (69) 
P 	H, Et , pH, CH2 CH 2 Ph 
This study of metal complex formation by the diazepines 
was initiated in the hope that complexes could be prepared 
in which the diazepine ring remained intact but with a much 
reduced rate for the hydrogen migration. 	This would enable 
complexes of the individual isomers to be separated for 
characterisation, spectroscopic study and possible regeneration 
of the diazepines. 
Iron carbonyl adducts were chosen for initial investiga-
tion as previous work with 1H-1,2-diazepines had shown that com- 
plexes were readily formed 3,75-77. 	In that case Tv-complexes 
of the type (70) were formed via attachment of an iron tn-
carbonyl moiety to the butadiene unit of the diazepine ring. 
An important difference between the structures of the 




azo group. 	Azo groups are also known to react readily with 
iron carbonyls and give complexes of type (71) with novel 
tetrahedral Fe2N2 structures. 	Reactions of this type have 





It was therefore interesting to see which reaction path 
the 3H-1,2-diazepines would follow (scheme 23). 
Butadiene Coordination 
C~N 	IRON CARBONYLS 	 ? 
Azo Coordination 
2. 	Synthesis and Mechanism of Formation 
The complexes were prepared by stirring a solution of the 
diazepine in benzene with diiron nonacarbonyl until inspection 
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by t.l.c. showed that the starting material had been consumed. 
Diiron nonacarbonyl was chosen as the most convenient 
reagent since the other two possible carbonyls; iron penta-
carbonyl and triiron dodecacarbonyl, are much less reactive 
and generally require prolonged reflux times and/or ultraviolet 
irradiation to bring about reaction. 	This can result in 
consequent low yields and mixtures of products with thermo- 
labile and ultraviolet sensitive compounds. 	The diiron nona- 
carbonyl was prepared by the method of Braye and Hubel'77; 
by the photolysis of iron pentacarbonyl in acetic acid solution 
(scheme 24) 
h 
2 Fe (CO)5 	 Fe2(CO)9 + CO 
Scheme 24 
After reaction with the diazepine the reaction mixture 
was filtered to remove precipitated iron and then the com-
plexes isolated by chromatography as air stable dark red 
crystalline solids. 	The complexes were all non-polar, eluting 
readily with hydrocarbon solvents and readily soluble in them. 
The reactivity of 3H-1,2-diazepines with diiron nona-
carbonyl was found to be quite different from the 18-isomers. 
The organo-metallic interaction was with the azo group and 
gave complexes containing the tetrahedral Fe2N2 system, 
similar to those previously reported for some other azo 
compounds 97,98 
The complexes prepared together with yields are illustrated 
Ph 
z 0)3 / Fe(CO) 3  
Ph 
0)3  
Fe(C0) Me 	 3 
HMe 
dF\ Co )  
Me  




+ 	Me 	N'L Fe0)j  4\f  
(73) 
Compound R Yield % Isomer Ratio 
(72) : (73) 
a H 31 0 	: >99 
b Et 46 60 	40 
c i-Pr 57 88 	12 





	 (CO)3 Fe—Fe(C 0)3 
(75) 57% 
(75) 53% 	 (77) 58% 
* 
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in figures (72) to (77). 	Benzo-annelated diazepine com- 
plexes were also prepared in order to confirm the generality 
of the reaction and further examine the unusual ring inversion 
properties exhibited by these complexes (discussed in section 
B.3). 
The yields from reaction with the benzodiazepines were 
all significantly higher than their monocyclic counterparts. 
An explanation for the lower yields from the monocyclic 
diazepines might be either that the monocyclic diazepine 
complexes react further with diiron nonacarbonyl to give 
unstable products, or the diene fragment of the diazepine also 
reacts with diiron nonacarbonyl but gives unstable products. 
The latter explanation seems to be the case since a further 
reaction of 5,7-dimethyl-3H-1,2-diazepine diiron hexacarbonyl 
complex with diiron nonacarbonyl gave no new products or 
evident decomposition. 
Interestingly, during the synthesis of these diazepine 
complexes, a second slower moving purple band was detected in 
the crude reaction mixture by t.l.c. 	These compounds were 
however air unstable and never survived chromatography, despite 
attempts using degassed solvents and high eluant flow rates. 
It is possible that these compounds were intermediate complexes 
of the type that have sometimes been isolated during the 
synthesis of other azo complexes (see Introduction section 
C.2.1.1). 	For example during the preparation of the diazanor- 
bornene diiron hexacarbonyl complex (80) , the intermediate iron 
tetracarbonyl (78) and diiron heptacarbonyl (79) complexes 
99-101 were also identified 	(scheme 25) 
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Fe(CO) 3 N</ 
(80) 
By analogy with this earlier work it seems likely that 
the mechanism of formation for the diazepine complexes follows 
the path shown in scheme 26. 
01 
	Fe 2 (C 0) 	CN—Fe(CO)4 
CN 	








( I — 
\=/ (CO)3 
The yield of monocyclic diazepine complex was much 
improved by the use of benzylideneacetone iron tricarbonyl as 
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an alternative reagent for the source of iron carbonyl. For 
example the yield of complex (81) was increased from 31 to 64% 
by the use of this reagent. 
MeI<J\ 	
Fe2(CO)9 	3% 
Fe(C0)3  BDAFe(CO)3 64% 
Me 
Benzylideneacetone iron tricarbonyl, prepared by the route 
shown in scheme 27, has been demonstrated to have synthetic 
utility as a mild, highly selective reagent for the transfer 
of the iron tricarbonyl moiety to dienes178. 




Fe (C 0)3  
Scheme 27 
Thus this reagent was also of interest in that it might have 
allowed alternative butadiene coordination to take place. 
However, reaction proceeded as before giving the azo-coordinated 
complex in improved yield. 
3. 	Characterisation and structural assignment 
The structures of the complexes; azo-coordination of the 
diazepine ring to the iron carbonyl residue, were formulated 
initially on the basis of spectroscopic measurement. 	This 
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formulation was subsequently confirmed when an X-ray crystal 
structure on one of the complexes was obtained. 
Elemental analysis and mass spectra showed that all the 
complexes had the general formula LFe2C6O6 where L was the 
diazepine formula. 	Mass spectra of the complexes all exhibited 
parent iron peaks corresponding to this formula. 	In each 
case fragmentation of the parent ion occurred via consecutive 
+ loss of six carbonyl groups yielding the ions LFe2 . 	Further 
fragmentation by loss of HCN (LFe2-27) and prominent signals 
due to Fe2+  (112) and Fe+ (56) were also evident. 
Infrared spectra showed that only terminal carbonyl 
stretching vibrations (1900-2150 cm- 1) were present, no 
absorptions in the double (1750-1850 cm- 1) or triple (1620- 
1730 cm- 1) bridging carbonyl regions were observed. 	The 
characteristic three band spectra of diene iron tricarbonyl 
complexes; a strong band at 2050 cm 1 and an intense doublet 
at 2000 cm', were not observed. 	Instead a multiplet pattern 
in the 1950-2050 cm 	region, similar to those reported for 
105 other azo coordinated complexes was observed 127, 	(see 
introduction section C.2.4.2). 	Examination of the free 
diazepine and complex spectra in the (N=N) and (C=C) region 
showed, in cases where resolution permitted, that coordination 
resulted in the lowering of 150-200 cm' in the frequency of 
these bands. 	This can be interpreted as weaker ring bonding 
after complexation. 
N.m.r. spectra of the complexes provided further evidence 
that the diazepine ring had remained intact upon complexation. 
Figures 15 and 16 illustrate the effect of complexation upon 
the n.m.r. spectra. 
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It was found that the essential features of the diazepine 
spectra were still present, for example the saturated C-3 
carbon attached to the azo-group still possessed the charac-
teristically strongly deshielded 13C resonance, absorbing at 
55.2 p.p.m. 	The proton spectra also possessed very similar 
resonances and splitting patterns confirming that the ring 
had survived. 
The effect of complexation upon 3H-1,2-diazepine proton 
n.m.r. spectra should be contrasted with that observed for is- 
1,2-diazepine complexes. 	In these iron tricarbonyl diene 
coordinated complexes a pronounced shift to lower frequency 
was observed 76  (figures 17 and 18). 
This shift to lower frequency was attributed to an 
increase in Tr-density at the carbon atoms bound to the metal. 
179,180 
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5-23 	 5.115 	 328& 
(CO)Fe HH 




COMe 	 COMe 
Figure 17 	 Figure 18 
An interesting new feature of the proton n.m.r. spectra 
of the 3f1-1,2-diazepine complexes was their temperature 
dependence for complexes which possessed a C-3 methylene unit. 
For example in the 5,7-dimethyl-3H-1,2-diazepine complex (82) 
the C-3 protons were now found to be equivalent and absorbed 













In the free diazepine (83) these two protons absorb at 
widely differing positions, the pseudo equatorial proton, 
lying in the same plane as the azo group, is strongly de- 
shielded and absorbs at 5.775. 	The pseudo axial proton is 
not similarly affected and absorbs in the expected aliphatic 
region at "i2. 
Figure 19 
2 p. p.m. 
Figure 20 	The variable temperature 
1 
 H spectra of the methylene 
group of 5,7- dimethyl -3H- 1,2 - diazepine diiron 
hex accrbonyl complex 
temperature 'Kelvin 
125 
The demonstration of the temperature dependence of the 
proton spectra of complex (82) was only possible by the use 
of a 360 MHz high field instrument and a powerful solvent with 
very low melting point, arcton CHBrC1F. 	With this combination 
the coalescence at -109°C, and spectra of the boat conformer 
at -130°C, were obtained. 	Figures 19 and 20 reproduce the 
spectra obtained. 	The very facile ring inversion exhibited 
by this complex (82) is in marked contrast to the corresponding 
free diazepine (83); ring inversion of this compound is slow 
on the n.m.r. time scale even at +1300C. 
In order to further examine the unusual ring inversion 
properties exhibited by these complexes, the benzodiazepine 

















These complexes were interesting to study because the 
uncomplexed free benzodiazepines, unlike their monocyclic 
counterparts, did exhibit temperature dependent n.m.r. spectra64. 
The n.m.r. coalescence temperature (Ta) allows calcula- 
tion of the free energies of activation for ring inversion 
(AG) from the well-developed theory of line broadening 181 
For the coalescence of an AB-type spectrum, the rate constant K  
of chemical exchange at the coalescence temperature T  is given 
182 by: 
Table 3: The n.rn.r. coalescence temperatures and AG values for some diazepine compounds. 
Compound Diiron Hexacarbon&l 
Complex  
Free Diazepine 
Coalescence Temp 0  . C 
-1 AG Kmol Coalescence Temp. 
0 
 C A
-,  Kmol 
 -109 30.6 >130 >77 MeN
Me 
 




I 	N 	(88) -54 44.2 102 72 
Ph 




K = Tr (AV B + 6J B)½// c 	A 
where J AB 
 is the coupling constant in Hz between the nuclei 
A and B. 	The rate constant of isomerisation is related to 
AG in accordance with the Eyring equation: 
-AG 
K T e 	RT K 	= 	b c 	 c 	 k b = Boltzmann const. 
h  
R = gas const. 
T c = coalescence temp. 
h = Plank const. 
Thus, a value of AG can be obtained with high accuracy, 
since this is dependent on T,  which can be measured very 
accurately. 	The n.m.r. coalescence temperatures and AG 
values for the diazepine diiron hexacarbonyl complexes, together 
with data for the corresponding free diazepines, are presented 
in table 3. 
An examination of this data showed that complexation of 
the monocyclic diazepines (86) and (87) had reduced the barrier 
to ring inversion by at least 45Kj mol 1. 	Ring inversion for 
these monocyclic diazepine complexes was now more facile than 
for the complex counterpart (88). 	This was a reversal of the 
situation observed for the uncomplexed ring systems, where 
the monocyclic diazepine ring inversion was still slow on 
the n.m.r. time scale at +1300C. 
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An explanation for the more facile ring inversion of 
the diazepine iron carbonyl adducts can be provided by an 
examination of the various conformers involved in the ring 
inversion. 	The diazepine ring, whether free or complexed, 
will normally adopt a puckered boat conformation of the type 
(90). 	When undergoing ring inversion the seven membered 
ring must go through the planar intermediate (91) before 






The angles a and , which describe the puckering of the 
ring, will also provide a measure of how far the ring is from 
the planar ring-inversion intermediate. 	A comparison of these 
angles for the free and complexed diazepine structures is 
informative (figure 21). 
Figure 21 
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These angle measurements were obtained from the crystal 
structures of 1-methyl-4-phenyl-1H-2,3 -benzodiazepine'83 and 
5,7-dimethyl-3H-1,2-diazepine diiron hexacarbonyl complex184. 
It was found that the complexed diazepine ring adopts a flatter 
boat conformation than the free diazepine ring, and is there- 
fore closer to the planar ring-conversion intermediate. 	This 
flattening of the diazepine ring in the iron carbonyl complex 
is caused by the larger angle requirement of the diaza-linkage. 
In the iron carbonyl complex of azo-methane (93)97, which is 





(CO) 3 Fe—Fe(CO)3 
(93) 
The ring in the diazepine iron carbonyl complex therefore 
flattens to accommodate this larger angle requirement. Because 
of this ring flattening the complexed diazepine ring might 
therefore be expected to attain the geometry for ring inver-
sion more easily. 
An examination of the change in angle strain in moving 
from the puckered to planar ring geometries is also informative. 
Figure 22 	The Crystal Structure of 5,7-Dimethyl-3H-1,2-diazepine 



























































Figures (94) to (97) illustrate the idealised and experimentally 
measured ring angles for the puckered diazepine rings. 






H Me...1030  
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1200 •. 	.1200 	 1290 
Me .125° 
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. ....... 	 .....1250 
(96) 	
0 
120 0 .... 	 122 
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109° 	 1110 
The ring angles in the planar ring-inversion intermediate 
will be 1290;  thus ring inversion for the complexed 
diazepine ring will involve a smaller increase in angle strain 
than that for the diazepine itself and consequently would be 
expected to undergo ring inversion more easily. 
Conformation of the structural assignment of these 
diazepine iron carbonyl complexes was provided when a crystal 
structure on the 5,7-dimethyl-3H-1,2-diazepine diiron hexa- 
carbonyl complex was obtained. 	Figure 22 reproduces the 
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crystal structure elucidated by Gould and Walkinshaw 
The crystal structure confirmed that both iron atoms 
had six-fold coordination, each iron atom was bonded to three 
carbonyl groups with an average Fe-C distance of 1.80 R. 
The four Fe-N bonds (1.91 ), the Fe-Fe bond (2.50 ) and the 
N-N bond (1.40 ) formed a distorted tetrahedron. 	The 
carbonyl C-O bonds all had a similar length of 1.14 R. 	The 
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Fe-C-0 bond angles were close to linear with an average 
value of 1780. 	The two iron atoms showed nearly identical 
coordination geometry and sat at the apices of two distorted 
tetrahedron: one with the three carbonyl groups, and the 
other the shared Fe2N2 tetrahedron. 	The internal angles at 
the Fe atoms in the F 2  N 2 
 tetrahedron were narrow at 470  com-
pared to the wider C-Fe-C angles of the carbonyl tetrahedra 
of 97°. 
All bond lengths and angles in the seven membered 
were within the expected ranges and confirmed the structure 
of the 3H-1,2-diazepine ring system. 
The seven membered ring was found to be in a flattened 
boat conformation (figure 23). 
Figure 23 
Pseudo-mirror symmetry was observed across the plane 
lying along the line between C-3 and the midpoint of C-7/C-6 
double bond and perpendicular to the line between N-i and C-5. 
The unusual bonding arrangement present in these organo- 
metallic complexes is worthy of comment. 	A general charac- 
teristic of the d group transition metals is their ability to 
form complexes with a wide variety of ligands. 	An uncoordinated 
transition metal atom will form complexes to complete its normal 
coordination requirement, ie it will seek to attain the outer 
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electron configuration of the succeeding noble-gas atom. 
In the case of iron its outer electron configuration is 4s2, 
3d6 and thus requires a further lOe to obtain the noble-gas 
formalism 
The ligands which provide these extra electrons are of 
two types; "classical" and n-acceptor. 
Examples of "classical" ligands are halide ions F, Cl, 
Br, I, the anions of various oxo acids, such as NO3 , NO2 , 
RCO2 , SO42 and neutral molecules in which the donor atoms 
are usually N or 0, examples being NH3, RNH2, H20, MeOH and 
R3PO. 	These ligands all donate an electron pair to the 
metal atom. 
The nitrogen atom can serve as the donor atom in a wide 
variety of ligands, some of which are shown in figure 24. 
NEN 	NEE 	NO2 	NH3 	NR  
N--::C-S-  NEC-R R-N=N-R 	 (DN 
Figure 24 
Azo compounds, which have both c and 7 electrons available, 
can serve as a donor ligand in a variety of ways (see Introduc- 
tion section C). 	Characteristically they use their G lone 
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Coordinating through the 7electrons has also been reported186 , 






In the 3H-1,2-diazepine complexes (100) the azo group 
is behaving as a donor of six electrons, three to each iron 
atom. 
n 
(CO) 3 Fe—Fe(CO)3  
(100) 
The second type of ligand, the Ir-acceptors, are molecules 
which possess delocalized ir orbitals. 	These vacant orbitals 
accept electron density from filled metal orbitals to form 
a type of R bonding that supplements the a bonding arising 
from lone-pair donation. 	The high electron density on the 
metal atom can thus be delocalized onto the ligand. 
Examples of Tr-acceptor ligands are PPX3 , ON, unsaturated 
hydrocarbons and the most important example; carbon monoxide. 
The molecular orbital description of the bonding between 
a transition metal atom and a carbonyl group is illustrated 
in figure 25. 
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cN'1QCO 	 on 	MCO 
The formation of the carbon to metal a bond using the 
unshared electron pair on the C atom. 
	
%a --I-. C~ 	 Q am 0 
M 	co 	 MCO 
%_C) C7 W ~D 
Formation of the metal to carbon 7T bond by interaction 
* 
of the filled metal d orbital with the vacant 'rr 
carbonyl orbital. 
Figure 25 
An examination of the electron configuration around each 
iron atom in the complexes shows that 6e are supplied from 
the three carbonyl groups, le from the Fe-Fe bond, and 3e 
from the azo group, making the total 10e required to achieve 
the noble-gas arrangement. 
4. 	The Effect of Complex Formation upon the 311-1,2-diaze- 
pine rearrangement by [1,5] sigmatropic hydrogen migration 
In most cases where the diazepine existed as an equilibrium 
mixture of rapidly interconverting isomers (101) and (102), 
both were converted to the corresponding iron carbonyl complexes 
(103) and (104) 
Me 	 Me 
Me—(_ N + MeN 4- 
Ft 	 Ft 
150 	 100 	 50 
Figure 27 
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Free Diazepine Ratio 





 H 15 	: 	85 0 : 	>99 
 Et 52 	: 	48 60 : 	40 
 i-Pr 34 	: 	66 88 12 
 CH2CH2Ph 49 	: 	51 72 : 	28 
Evidence for the existence of both isomers was provided 
by n.m.r. spectroscopy and in one case the mixture of the two 
isomeric diazepine iron carbonyl complexes was resolved by 
high performance liquid chromatography. 
Figures 26 and 27 reproduce the 13C n.m.r. spectra for the 
3,5-dimethyl-7-ethyl and 5,7-dimethyl-3-ethyl 3H-1 ,2-diazepine 
isomeric mixture, both before and after complexation. 	The 
duplicate resonances still present in the iron carbonyl complex 
spectrum provide convincing evidence that two isomeric diaze-




High field proton n.m.r. spectra enabled clear identifica-
tion of all the expected resonances present in the two isomeric 
diazepine complexes. 	This was conclusively demonstrated when 
small samples of the individual complex isomers (103d) and 
(104d) were obtained by h.p.l.c. 
Figure 28 reproduces the analytical chromatogram of the 
separation. 	It is interesting to consider why resolution of 
the mixture of two isomeric complexes only occurred in this 
case, whereas in the other two mixtures; (103b)/(104b) and 
(103c)/(104b), no resolution was possible. 	It seems likely 
that the longer alkyl substitution present in this case; 
the phenethyl substituent, proved more satisfactory in binding 
to the silica surface and thus allowing a chromatographic 
separation. 
Preparative samples of the two isomeric complexes (103d) 
and (104d) were obtained by 25 injections down the column with 
the eluant collected in a micro scale fraction collector. 
The fractions were tested for purity by repeat h.p.l.c. and 
suitably pure samples combined. 	After solvent removal under 
reduced pressure, 6 and 2 mg respectively of the individual 
complexes (103d) and (104d) were isolated. 
This quantity of material proved more tim adequate to 
obtain 1H n.m.r. spectra (360 MHz Fourier transform instrument) 
and the assignments of the spectra were thus confirmed. 
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It was evident from the h.p.l.c. separation that 
complexation of the diazepines had inhibited the rapid [1,5] 
sigmatropic hydrogen migration which interconverted the two 
free diazepine isomers. 	To test if the sigmatropic migration 
could be regenerated at higher temperatures, a series of 
thermolysis experiments on the separated complexes (103d) and 
(104d) were carried out. 	These experiments were monitored 
by h.p.l.c. which would detect any appearance of the other 
possible isomer. 	It was found that up to 1100 no inter- 
conversion was observed, at temperatures beyond this value 
decomposition occurred. 
It seems likely that two factors are responsible for the 
inhibition of the sigmatropic migration, firstly steric; 
an examination of the crystallographic data for the free 183 
and complexed 
184 diazepines showed that the distance of 
approach between the migration centres C3/C7 was larger in the 
case of the complex (Table 4) 
I 
N 	N. 
Table 4: The distance between miciration centres in 3H-1,2-
diazepine and its iron carbonyl complex 
Compound 
Distance between migration centres 
carbon-carbon carbon-hydrogen 
free diazepine 2.78 2.75 
iron carbonyl complex 2.95 2.86 
The second factor which would inhibit the sigmatropic 
migration is the electron withdrawing effect of the diaza- 
linkage. 	We have earlier argued that the electron with- 
drawing nature of the azo group must be largely responsible 
for the considerable rate enhancement of the migration com- 
pared with cycloheptatriene (see discussion section A) . 	An 
examination of 13C n.m.r. shifts of the carbon atoms adjacent 
to the diaza-linkage gives a measure of the electron with- 
drawing strength of that unit. 	Figures 31 and 32 clearly 
show that the diaza-linkage of the complex is less electron 
withdrawing than in the free ring system. 
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In the case of the dimethyl substituted diazepine 
mixtures, (105) and (106) only one complex (107) was isolated 
(scheme 28) 
- 	IN 
II 	%%- I 
Me \,N Me 	,N C 
Me 	 Me 
	
85% 15% 
(105) 	 (106) 
Fe (CO) 
N Fe(CO)3 
Me 	,N Fe (CO k k  
Me 
only isomer formed 
(107) 
Scheme 28 
No evidence for the other possible isomer was found 
despite careful inspection of the crude and purified product 
by n.m.r. and h.p.l.c. 	It appears that the diazepine isomer 
(106) is at least 3x less reactive than its isomer (105) . This 
type of behaviour has also been observed during the photolysis 
reaction of this diazepine mixture. 	For example when this 
139 
mixture was irradiated, only the photo-adduct (108) was 
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The dimethyl substituted diazepine complex (107) was 
successfully disengaged using Shvo's technique 81, this involves 
mild oxidation with trimethylamine N-oxide (scheme 30) 
0)3  
Me TIII,N  














Significantly, disengagement of this complex at room 
temperature resulted in the formation of the two isomeric 
diazepines. 	This result provides further evidence for the 
isomer interconversion. 
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C. 	Reactions of c)3,y-unsaturated carbonyl compounds 
with hydrazines 
1. 	Introduction 
The cyclisation reaction to give 2-substituted 3,4-
dihydro-1,2-diazepines (110) was discovered when dienones of 

















R' R 2 
a H Me 
b Me Me 
c H Ph 
d Me Et 
It was found that these dienones were not converted 
into the expected tosyihydrazones (109) , but rather reacted 
under acid conditions in ethanol to give the 2-tosyl-3,4-
dihydro-1,2-diazepines (110) in yields of 55-77%. 
It was noted that both the E and Z dienones reacted to 
give diazepines. 	For example the dienone (108a) had an 
E (111) to z (112) ratio of Ca. 2.2:1, based on the integral 
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of its 1H n.m.r. spectrum and gave 69% of the 2-tosyldiazepine. 
H  
163 ...... MeH ...... 808 




Me .... ..219 
6-11 ...... H'N' 
5-78 ...... .H"=Q 
H 	 Me 
(111) 
E-isomer 
The tosylhydrazones (109) were demonstrated to be 
intermediates in the cyclisation reaction by carrying out 
the reaction of dienone (108a) with tosyihydrazide in the 
absence of acid. 	This gave mainly the tosylhydrazone (109a) 
(mixed E- and Z-isomers) together with a little (13%) of the 
diazepine (llOa). 	The tosylhydrazone, dissolved in ethanol 
could be rapidly converted into the diazepine by the addition 
of little acid. 	Thus there appeared to be two mechanisms 
for diazepine formation: a slow cyclisation of the Z-isomer 
which occurred in the absence of acid, and a fast acid-catalysed 
reaction in which protonation of the tosylhydrazone allowed 
E--Z conversion before ring closure. 
Further information about the mechanism of this cyclisation 
reaction was provided by deuterium incorporation experiments. 
The cyclisation of (113) with tosylhydrazine in deuteriomethanol 
was carried out in the presence and absence of acid. 
(Scheme 32) 
Extensive deuteriation of C-4 and C-6 was observed, 













methyl groups. 	Control experiments showed that methyl 
deuterium incorporation could take place by acid-catalysed 
exchange of the dienone (113), and that the product tosyl-
diazepine (114) did not undergo deuterium exchange under the 
reaction conditions. 
Two possible cyclisation mechanisms are consistent with 
this deuterium incorporation study and with the formation of 
the tosyldiazepine from both E- and z-isomers (schemes 33 
and 34) . 	The first is the more economical and involves primary 
Me + - D Me .. 	 - 	Me 
1-N N—Ts 	0  H 	 H 
Me 	 Me 	 Me 	(115) 
/ 
HO 	 HD 






H 	N—Ts (H)D 
Me 	 Me 
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protonation at C-3 of the tosylhydrazone, allowing rotation 
about the 3-4 bond, followed by ring closure and loss of the 
proton on the nitrogen to give (115). 	Further protonation on 
C-4 of (115) would then allow its isomerisation to the con-
jugated, and presumably more stable final product (116). 
Alternatively, the cyclisation could be initiated by 
protonation on nitrogen, scheme 34, to give the extensively 
delocalised carbonium ion (117) which on cyclisation would give 
(118) . 	This compound, an ene-hydrazine analogue, would be 
expected to isomerise to the hydrazone (115) and hence to the 







(116) 	Me  
Q4rmQA 
Me 




Me ND 	 Me 	D 
(117) 
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D )N' 	 D )-N' - 
Me Me " 0 
(115) 
The deuteriation study did not allow a conclusive 
differentiation between these two mechanisms but, since the 
ketone (119) is protonated at oxygen rather than at C-3, it 





H 	 OH 
(120) 
That this does occur is supported by the observation 
that deuterium is incorporated into both methyl groups via 
exchange in (117) , whereas scheme 33 would lead to deuteration 
only in the 5-methyl group. 
A number of tosylhydrazones (121) did not undergo acid-
catalysed cyclisation although a variety of acid/solvent/ 







R' R2 R 3  R 
a Me H Me H 
b H Me Me H 
c H Me Ph H 
d Me Me Ph H 
e Me Me Ph Me 
R2 	R3  
P4  
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The failure of cyclisation must be due to either the 
inability of the tosyihydrazones (121) to protonate under the 
reaction conditions or, if protonation did occur, to a charge 
distribution and/or stereochemistry in the delocalised cation 
which did not facilitate ring closure. 	The failure of (121a) 
and (121b) to cyclise is notable since they differ from (122) 








cycli sed did not cyclise did not cyclise 
The failure of (121c,d, and e) to cyclise is perhaps less 
surprising since all have large (phenyl) groups attached to 
the terminus of the diene. 	Michael type additions are known 
to be sensitive to steric hindrance. 
This synthesis of diazepines was extended to other 2-
substituted analogues (123) by the use of a variety of hydrazine 
derivatives (scheme 35) 
Me 
Me 
- 	 Me - 	+ H 
	
NH 2 N 	
N H R 	
N - P 
Me 	 Me 	 Me 
(1 23) 
Scheme 35 	P 	p-MeC6H6SO2 	PhCO 
PhSO2 	 MeCO 
MeS02 	DO 2C 
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The limitations on synthesis associated with the 2-
tosyldiazepines were also observed for this series of sub- 
stituted hydrazine analogues. 	For example dienones of the 




Me 	 Me 
(124) 	 (125) 
The objective of the following section of work was two-
fold: 
i) to synthesise suitable precursors for the 3H-1,2-
diazepine sigmatropic migration and organometallic studies; 
and ii) to provide a further range of substituted cf3,y-
olefinic unsaturated carbonyl compounds with which to under-
stand better the limitations of the cyclisation reaction to 
give 2-substituted-3,4-dihydrodiazepines. 	In particular the 
cyclising ability of dienals would be investigated. 
(131) 
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2. 	Synthesis of o)3,y-unsaturated carbonyl compounds 
2.1 Precursors for the 3H-1,2-diazepine and orqanometallic 
Me  Meç Me ete  
	
Me 	 Me 	 Et 












The c)3,y-unsaturated carbonyl compounds (1261132) were 
prepared by several different routes, with no one method 
proving general enough to allow synthesis of them all. 
4-Methylhexa-3,5-dien-2-one (126) and 4-methylhepta-3,5-
dien-2-one (127) were prepared using Normant's Grignard 
method 187  as shown in scheme 36. 
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Me 	 HC(OEt)3 / EeC13 	Me 
OEt (133) 
Me 	 Me 
I BrMgCHCHR 







H/ H20 	 HO 
Et 
Me 	 Me 
qr-liinrnin IA 
The mono-protected ketone 4-ethoxypent-4-en-2-one (133) 
was prepared by the reaction of acetylacetone, triethyl 
orthoformate and ferric chloride catalyst in ethanol. Reaction 
of this compound with either vinyl or propenyl magnesium 
bromide, followed by acidic work-up, gave the required dienone. 
Dienones (128-131) required Cologne and Varagnats,188 
more lengthy synthetic route shown in Scheme 37. 
WA 
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Pent-3-en-2-one (134) was prepared from the aldol 
reaction of acetaldehyde, acetone and sodium hydroxide. 	A 
Reformatsky reaction between ethyl c-bromoacetate and pent-
3-en-2-one gave the hydroxy ester (135), this was dehydrated 
by slow distillation from anhydrous copper sulphate to give 
the diene ester (136) . 	Hydrolysis to the acid followed by 
treatment with thionyl chloride gave the acid chloride (137) 
which was converted to the ketone (138) by reaction with the 
appropriate dialkyl cadmium reagent. 
E-2-Formylstilbene (132), was prepared by the route 
developed by Sharp et al. 64 shown in scheme 38. 
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0
CH 3  
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B r 2 	,-CH2Br 
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o-Bromotoluene was brominated to give o-bromobenzyl 
bromide, from which a phosphonium salt was prepared by reaction 
with triphenyiphosphine. 	A Wittig reaction with benzaldehyde 
followed by isomerisation with iodine gave E-2-bromostilbene 
(139) . 	Functional group interconversion of formyl for bromo 
was achieved by a Grignard reaction. 
2.2 Precursors for the study of cyclisation reactions to 
give 2-substituted-3,4-dihydrodiazepines 
Once again these conjugated carbonyl compounds (140-144) 
were prepared by several routes. 
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4,6-Diphenylhexa-3,5-dien-2-one (140) was prepared 
by the route shown in scheme 39. 
Ph 
Ph 	Me 	H 	Ph 
1) OH
-Ph  


















Benzylideneacetophenone (145) was prepared by the aldol 
reaction of acetaldehyde, acetophenone and sodium hydroxide. 
A Reformatsky reaction with ethyl a-bromoacetate followed by 
dehydration and hydrolysis gave the a6,'-insaturated acid 
(146). 	Conversion to the acid chloride and reaction with 
dimethyl cadmium gave the required dienone (140). 
Because hydrazone derivatives of this carbonyl compound 
could not be prepared, the evidence for the structural assign-
ment of this compound as the dienone (140) will be discussed 
in detail. 
Elemental analysis together with accurate mass measure-
ment of the parent ion confirmed that the molecular formula 
was C18H160. 	The infrared spectrum showed the presence of a 
conjugated carbonyl group at 1672 cm 1 and an olefinic absorption 
at 1612 cm 1. 	The 1H n.m.r. spectra showed the presence of 
E..E and Z,E isomers in the ratio ca.4:1, the resonance assign-
ments are shown in figures 33 and 34. 
.633 
Ph H 
IJ 	J 	16 Hz 
Ph ,9H 
II 
H' 0  
612 	Me 
228 








H"\ 0  
629 	Me 
1-76 
Z , E-isomer 
The strongly deshielded olefinic C-5 proton of the 
E,E isomer was highly characteristic of such dienones33. 
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Reaction of this dienone with several hydrazines under 
a variety of acid catalysed conditions (see experimental 
section D.4) did not yield the expected hydrazone derivatives 
(scheme 40) 
Ph 	 Ph 
Ph 	 Ph 
V 
çNHR 
Me 	NH2NHR/H 	 Me 
In these reactions the starting dienone was consumed, 
evidently by polymerisation pathways. 	It was also noted that 
the addition of acid catalyst to dienone/hydrazine solution 
resulted in a rapid yellow colouration indicating that 
protonation had occurred. 	It seems likely that this dienone 
protonates readily to form a highly resonance stabilised 




Me 	 Me 
This species apparently then reacts by polymerisation pathways 
more rapidly than the expected reaction with hydrazines to 
form hydrazone derivatives. 
2-Propenyl-1-cyclohexene-1-carboxaldehyde (141) was 
synthesised as shown in scheme 41. 
(150) 
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Cyclohexanone was reacted with trimethyl silyl chloride 
to give the trimethylsilyl enol ether (148), which was con-
verted to the 13-keto acetal (149) by treatment with titanium 
tetrachloride and trimethylorthoformate in dichioromethane 
solution at -780 . 
Reaction with propenyl magnesium bromide followed by 
hydrolysis of the acetal group gave the formyl compound (150). 
The final dehydration step to give (141) was carried out using 
the technique described by Corey 189; by conversion of the alcohol 
to the mesylate followed by treatment with triethylamine. 
Interestingly, this elimination reaction gave exclusively 
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the fully conjugated isomer (141), none of the other possible 
elimination product was detected. 
2-Propenyl-1 -cyclopentene-- 1 -carboxaldehyde (1 42) was 
prepared using an alternative synthetic strategy. 	In his 
work examining fully conjugated macrocyclic polyenynes, 
Sondheimer19° reported the synthesis of compound (151) by the 
route shown in scheme 42. 
o o 	Na/HCO 2Et 
	












It seemed feasible that our target molecule (142) could 
be prepared by this route if propenyl lithium was substituted 
for lithium acetylide. 
It was fortuitiously discovered earlier during the pre-
paration of the )3-keto acetal (152), that 2-methoxymethylene-
cyclohexanone (153) could be isolated as an alternative product 
if the hydrolysis step was carried out at room temperature 












Thus, utilizing these two observations, 2-propenyl-1-cyclo-
pentene-1-carboxaldehyde (142) was prepared by the route shown 
in scheme 44. 
KIII' 	
Me3S1CL 
TIC[ 'HC(OMe)3  












Cyclopentanone was converted into the enol ether (154) 
by reaction with trimethylsilyl chloride. 	Reaction with 
titanium tetrachloride and trimethyl orthoformate at -78°C 
followed by hydrolysis at room temperature gave 2-methoxy- 
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methylenecyclopentanone (155). 	Treatment of this compound 
with propenyl lithium followed by acid hydrolysis gave the 
required ct3,y-olefinic unsaturated aldehyde (142) 
The dienals (143) and (144) were prepared by a further 
synthetic route shown in scheme 45. 	This route proved the 
most satisfactory both in terms of overall yield and economy 
of steps. 
(CH2 	
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The 1-f ormyl-2-bromo compound (156) was obtained by 
treatment of the carbonyl compound with dimethylformamide 
and phosphorus tribromide. 	The styryl fragment was intro- 
duced by a Wittig reaction using benzytriphenylphosphonium 
bromide. 	The conversion of the vinyl bromine atom to the 
formyl group was achieved by the preparation of the Grignard 
reagent followed by reaction with dimethylformamide and 
hydrolysis to give the dienal (143,144) 
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3. 	Reactions of c3,y6-unsaturated carbonyl compounds 
with p-toluenesulphonylhydrazide 
3.1 To provide 2-tosyldiazepine precursors for the 3H-1,2-
diazepine and orcianometallic studies 
The dienones (157a-f) reacted with p-toluenesulphonyl-
hydrazide in ethanol containing a catalytic amount of mineral 
acid to give the corresponding 2-tosyldiazepines (158a-f) as shown 
in scheme 46. 
R1 






Compound R' R2 Yield % 
a H Me 69 
b Me Me 45 
c Me Et 18 	(+41 	hydrazone) 
d Me Pr  27 	(+11 	hydrazone) 
e Me CH2CH2Ph 63 
f Me Ph 59 
Dienones (157d->f) were new examples of the series and 
were found to undergo cyclisation just as readily. Thus 
variation in the substituent attached to the carbonyl group 
did not seem to affect the cyclisation step to dihydrodiazepine. 
160 
In two cases (c and d) the intermediate hydrazones 
(160) were also isolated from the reaction. 
Me 
Me - 
=NN H Is 
R 
(160) 	R Z Et, Pr 
This was probably due to an insufficient quantity of 
mineral acid catalyst being added to the reaction. Cyclisa-
tion of these intermediate tosylhydrazones (160) to diazepines 
(159) was carried out using an alternative acid catalyst 
system; trifluoroacetic acid in dry benzene. 	This system 
was found to be highly effective and quantitatively converted 








TFA/dry benzene  
No 
95% 
R = Et Fr' 
Me 	Me 
(159) 
3.2 Investiqation of the performance of dienals in the 
cycljsatjon reaction to qive 2-tosyldiazepines 
It had earlier been observed that the tosyihydrazones of 
ai3,y-unsaturated aldehydes of the type (161) did not undergo 










The object of this present work was to investigate the 
reaction of aldehydes of the type (162), where the fused 
ring now holds the diene fragment in the favoured cis config- 
uration for cyclisation. 
The tosylhydrazones (163) were isolated in good yield 
by reaction of the dienals (162) with p-toluenesulphonyl-
hydrazide in ethanol with a minimum quantity of acid catalyst 
(scheme 49) 
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Compound n R Yield of tosyihydrazone 
0 
0 
a 1 Me 54 
b 1 Ph 58 
c 2 Me 67 
d 2 Ph 92 
Cyclisation experiments on these tosylhydrazones were 
carried out using the effective trifluoroacetic acid/dry 




NNHTS dry benzene 
? 
(163) 
(C H 2) OnI 	N—Ts 
(164) 
Scheme 50 
Compound n R Cyclisation to 2-tosyldiazepine 
a 1 Me Yes, 	readily 54% 
b 1 Ph No, hydrazone recovered 
c 2 Me Yes, 	slowly 16% after 60 h 
d 2 Ph No, hydrazone recovered 
It was found that the two propenyl substituted tosyl- 
hydrazones (163a and c) did undergo cyclisation, the cyclopentyl 
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system cyclising more readily. 
It is not easy to rationalise why the cyclopentyl system 
should cyclise so much more readily than the cyclohexyl and 
analogous acyclic systems. 	In general the tosyihydrazones 
of dienals will protonate on nitrogen to give less stable 
cations than those from the analogous methyl ketones. 	In the 
cyclopentyl case however, the approximate planarity of the five 
membered ring will enhance the delocalisation of the positive 
charge and hence the stability of the cation and thus may affect 
the ease of cyclisation. 
The failure of the phenyl substituted dienals (163b and d) 
to undergo cyclisation requires further explanation. 	It has 
been earlier shown that phenyl substituted dienones of the 
type (165) do not undergo cyclisation33. 
M e 	
Me 	 Ph 
Me  
Me 	 Me 	(165) 
cyclises 	 does not cyclise 
It seems that their failure to cyclise must be due to 
the steric hindrance and/or the electronic effect of the phenyl 
group at the diene terminus. 	Clarification of this point, 
i.e. distinction between the conjugating effect and steric 
requirement of the phenyl group, would require synthesis of 
systems with a terminus substituent which has a large steric 
requirement but without an electronic effect, for example 
cyclohexyl or t-butyl groups. 
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4. 	Reactions of c)3,y-unsaturated carbonyl compounds 
with other hydrazines 
It had been earlier demonstrated that the cyclisation 
reaction to give 2-tosyl-3,4-dihydro-1,2-diazepines could be 
extended to other 2-substituted diazepines (166) by reaction 









R = p-Me C6H4S02 	PhCO 
PhSO2 	 MeCO 
MeSO 	 EtO2C 
Qhinr t:1 
This study was continued with the examination of the 
cyclising ability of the N-substituted analogues (167a-d). 
Compound R' R2 
a H 2,4-DNP 
b H p-NO2C6H4  
c Me 2,4-DNP 
d H Ph 
Only one member of this series of hydrazones did 
undergo the acid-catalysed cyclisation reaction to give the 











This is a somewhat surprising result since the previous 
examples which successfully cyclised were hydrazone derivatives 
of hydrazines which possessed an electron withdrawing sub- 
stituent. 	The phenyl substituent would be expected to be a 
departure from the series, yet still underwent cyclisation. 
The failure of the nitro benzene hydrazone derivatives 
(167a±c) presents a further problem, these compounds appeared 
to meet all the criteria required for successful cyclisation; 
ie favourable stereochemistry and an electron withdrawing 
substituted hydrazine, yet are resistant to cyclisation. 
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D. 	1,2-Diazepine N-Oxides 
1. Introduction 
The investigation of N-oxide formation by 1,2-diazepines 
was a further strategy to isolate the individual isomers (168) 
and (169) which interconvert by rapid [1,5] sigmatropic 
hydrogen migration (scheme 52). 
HR1 
Me 	N 	 Me 
	
R 2 	 H R 2 
(168) 	 (169) 
Scheme 52 
This separation of isomers had been successfully achieved 
by conversion of the diazepines into their corresponding 
diiron hexacarbonyl complexes (170) and (171) , see discussion 
section B. 
H 	R 1 
Me_I<
J<L\ 





Me N Fe(CO)3 
H R 2 
(171) 
It was hoped by analogy, that conversion of the diazepines 
into their N-oxide derivatives (172) and (173) , a similar 





(17 2 ) 
If so, it was expected that the isomers would be 
susceptible to deoxygenation under mild conditions, eg.by the 
use of a trivalent phosphorus reagent, to regenerate the 
diazepines themselves. 
N-Oxide formation by a benzodiazepine was initially 
investigated since this system contained only one isomer, the 
compounds are crystalline solids, apparently chemically more 
stable than the monocyclic diazepines, and so were expected 
to provide more easily handled products. 
2. 	Oxidation of 4-phenyl-1H-2,3-benzodiazepine 
A survey of azoxy compound literature (see introduction 
section E) had revealed that the most popular and convenient 
reagents for the oxidation of azo compounds to their corres- 
ponding N-oxide derivatives were peracids. 	An initial reaction 
of 4-phenyl-1H-2,3--benzodiazepine with peracetic acid resulted 
in rapid decomposition of the diazepine with no isolable 
products. 
A further reaction using an alternative milder reagent, 
rn-chloroperbenzoic acid, was much more successful; stirring 
the diazepine with a molar equivalent of the peracid for 12 h 
resulted in the formation of a single product. 	Purification 
by column chromatography on alumina gave a pale yellow 
150 	 100 	 50 ppm. 
150 	 100 	 50 ppm. 
crystalline compound in high yield. 	Elemental analysis 
together with exact mass measurement of the parent ion showed 
that the molecular formula of this compound was that of the 
original diazepine plus one oxygen atom. 	The 'H and 13C 
n.m.r. spectra of the compound showed that the essential 
features of the diazepine ring were still intact, figures 35 
and 36 reproduce the '3C n.m.r. of 4-phenyl-lZi'-2,3-benzodiazepine 
before and after oxidation, and similarities of the spectra 
are apparent. 
Utilising this evidence four possible oxidised diazepine 
structures (174-177) could be envisaged as the product from this 
reaction. 




The oxidised nitrogen in (1 76) & (177) is not specified 
Ph 




N N' O 
(176) 
Structure (174) could be discounted because of the absence 
of a carbonyl absorption in the infrared spectrum. 	The 
epoxide structure (175) could also be ruled out because the 
13 C n.m.r. spectra did not contain the characteristic oxirane 
signals, nor was the expected singlet epoxide proton observed 
in the 1H spectrum. 
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Of the two remaining structures the 1H-2,3-benzodiazepine 
structure (177) was selected because of the similarity of 
13 signals of the carbons attached to the diaza-linkage 
compared with the corresponding carbon atoms in the parent 
benzodiazepine (178) and iron carbonyl complex (179) 
302 	 114-4 
Ph 	 ' 	Ph 
1 53- 4 	 ......152- 0 
IN 	 N 	(178) 
150-6 	 13 	P. P.M. 	 69-3 
117-9 	 116-0 
Ph 	 . 	Ph 
149-3 	 145-1 
e ( C 0)3  
(179) 	61-6 	
Fe (C 0)3 	
73-5 	 (177) 
The final piece of structural information required for 
full characterisation of this compound was which of the 
	
nitrogen atoms was oxidised. 	This was deduced by comparison 
of the diazepine n.m.r. spectra before and after oxidation. 
The effect of azo group oxidation on the chemical shifts of 
substituents directly attached to the azo group has previously 
been reported and explained 158  (table 5) 
For example, the methyl protons of azomethane resonate 
at 63.68 and are more deshielded than the corresponding signal 
in alkenes (31.7), methyl ketones (62.1) and methyl cyanide 
(61.97) . 	This difference is accounted for by the high 
electronegativity of the nitrogen bonded to the methyl group. 
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Table 5: N.m.r. chemical shifts in aliphatic azox 
and azo compounds 













Ph-NN -Me 4.15 
Ph-NN -Me 3.90 
The spectra of azoxymethane shows two signals at 4.05 and 3.07, 
the methyl adjacent to the oxidised nitrogen atom is more 
deshielded than the parent azo compound, whereas the other 
methyl is less deshielded. 	This deshielding behaviour is 
duplicated in other azoxy compounds158. 
Extending this analysis to our oxidised benzodiazepine 
(177), we would predict that the oxygen is attached to N-2 
since C-i is more deshielded compared with the parent compound 
(178) , and C-4 is less deshielded. 
This assignment has been confirmed by work carried out 
since completion of this project, Sharp et al. 169 have synthesised 










An X-ray crystal structure on the latter has shown that the 
oxygen atom is located on N-2. 	The deshielding effect on 
C-3 and C-7 followed the expected pattern described above; 




In both these diazepine N-oxides (177) and (181) 
oxidation occurred on the nitrogen atom adjacent to the 
saturated carbon atom. 	Thus the oxidation reaction seems 
to follow thermodynamic control since these product structures 







'° ___ N'°CN 
~ C N&+ 
UNN 	
< 
- This structure has few 
opportunities for delocatisation 
1-1 _1_ 	 r fl 
An interesting feature of the benzodiazepine N-oxide 
(177) was its rapid ring inversion (table 6) 
Table 6: The coalescence temperatures and AG (ring inversion) 
values for 4-phenyl-1H-2,3-benzodiazepine and its 
iron carbonyl and N-oxide derivatives 
Compound Coalescence 
Temperature °C 
AG 	(ring inversion) 














This is a further example of how chemical modification 
of the diaza-linkage has produced a marked lowering of the 
activation energy for the ring inversion. 	The possible 
explanations responsible for this enhanced rate of ring 
inversion have been described in detail in section B of this 
discussion. 
3. 	Oxidation of 3,5,7-trirrtethyl-3H-1 ,2-diazepine 
Having successfully achieved oxidation of a benzodiazepine 
we next turned our attention to the monocyclic 3H-1,2-diazepine 
series. 	The trimethyl substituted compound (182) was chosen 
for initial investigation because in this case the two inter-
converting isomers were identical, and thus should provide a 
simple system in terms of a single expected product. 
HMe 	 Me 
N 
MeN Me\ 
Me 	 H Me 
(182) 	 (182) 
Oxidation of 3,5,7-trimethyl-3H-1,2-diazepine with m-
chloroperbenzoic acid resulted in the formation of a 1 : 1 
mixture of two compounds formulated as the diazepine N-oxide 


















The 1:1 product mixture of (183) and (184) could be 
separated by preparative t.l.c., but each of the separated 
pure compounds was found to slowly isomerise back to the 1 : 1 
mixture on standing at room temperature. 	This interconversion 
could however be prevented by storing the purified samples at 
below -30 0C. 
The structures of these two compounds were assigned on 
the basis of their 'H and '3C n.m.r. spectra, having first 
established that the molecular formula for these compounds 
was the original diazepine plus one oxygen atom from elemental 
analysis and exact parent ion mass measurements. 
Figure 37 reproduces the 'H n.m.r. spectrum of the 
diazepine N-oxide. 	Figures 38 and 39 detail the key n.m.r. 
assignments of the monocyclic diazepine before and after 
oxidation, the similarity of the chemical shifts and splitting 
patterns is apparent. 
The location of the oxygen atom is assigned to N-2 on the 
basis of the shielding/deshielding effects on the carbon atoms 
C-3 and C-7 directly attached to the azo-linkage, as discussed 
earlier. 
Figure 40 
1 P. P.m 
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Figure 38 	





The structural assignment of the pyrazole N-oxide was 
more difficult, figure 40 reproduces its 'H n.m.r. spectrum. 
A propenyl fragment together with a broad olefinic proton were 
identified, this enabled formulation of the compound as (184). 
Me 	 Me 	 Me 
Me' 
Me Me 	Me 	Me 
\\ II 
N 	 N—N 	 HN—N 
Me 
(184) 	 (185) 	 (186) 
Possible structures (185) and (186) could be discounted because 
they possessed only two olefinic protons instead of the three 
observed. 
It seems likely that this rearrangement follows the 
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mechanism shown below (scheme 55) involving firstly ring 
cleavage between N-2 and C-3 to generate an intermediate 
(187a or b) followed by cyclisation to give the pyrazole (184) 
The primary cleavage could take place via an electrocyclic 
ring opening to give the conjugated N-nitrosamine (187b) 
directly or it could be envisaged as an homolytic or hetero-
lytic process giving an intermediate formulated as a dipole 
or diradical eg (187a) 
HMe 
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This isomerisation parallels a similar reaction of the 
diazepine itself, (Scheme 56) , the major difference being 
that the diazepine requires a temperature of >100°C to induce 
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It is again not certain whether the bond cleavage step is 
via electrocyclic ring opening or homolytic scission. Another 
example of a formal 1,3-migration of the azoxy-group was 








In this case the authors favoured a diradical mechanism on 
the basis of the following experimental evidence; 
i) the insensitivity of the reaction to solvent polarity, 
ie ionic species improbable 
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a positive entropy of activation 
the reaction rates were similar to the free 






However the relative rates of reaction of schemes 55 
and 56 make it unlikely that their isomerisations follow a 
similar radical route since it is well known that homclytic 
cleavage cx to an azoxy group is much slower than that a to 




SYMBOLS AND ABBREVIATIONS 	 185 
INSTRUMENTATION AND GENERAL TECHNIQUES 	 186 
PREPARATION OF STARTING MATERIALS 
1. Diiron nonacarbonyl 188 
2. Benzylideneacetone iron tricarbonyl 188 
3. 2-Bromobenzylbromide 188 
4. 2-Bromobenzyltriphenylphosphonium bromide 189 
5. E-2-Bromostilbene 189 
6. E-2-Formylstilbene 190 
7. E-2-Formylstilbene tosyihydrazone 190 
8. 4-Ethoxypent-3-en-2-one 190 
9. 4-Methylhexa-3,5-dien-2-one 191 
10. 4-Methylhepta-3 , 5-dien-2-one 191 
11. Pent-3-en-2-one 191 
12. Ethyl 3-hydroxy-3-methylhexa-4-enoate 192 
13. Ethyl 3-methylhexa-2,4-dienoate 192 
14. 3-Methylhexa-2,4-dienoic acid 192 
15. 3-Methylhexa-2,4-dienoic acid chloride 193 
16. 5-Methylocta-416-dien-3-one 193 
17. 2, 5-Dimethylocta-4 , 6-dien-3-one 194 
18. 1-Phenyl-5-methylocta-4,6-dien-3-one 194 
19. 1-Phenyl-3-methylhexa-2,4-dien-1-one 195 
20. Benzylideneacetophenone 196 
21. Ethyl 3-hydroxy-3, 5-diphenylpenta-4-enoate 196 
180 
Page No 
22. Ethyl 3,5-diphenylpenta-2,4-dienoate 196 
23. 3,5-Diphenylpenta-2,4-dienoic acid 197 
24. 3,5-Diphenylpenta-2,4-dienoic acid chloride 197 
25. 4,6-Diphenylhexa-3,5-dien-2-one 198 
26. Cyclohexanone trimethylsilyl enol ether 198 
27. 2-Methoxymethylenecyclohexanone 199 
28. 2-Dimethoxymethylcyclohexanone 199 
29. 2-Hydroxy-2-propenylcyclohexane-1 - 
carboxaldehyde dimethyl acetal 200 
30. 2-Hydroxy-2--propenylcyclohexane-1 - 
carboxaldehyde 201 
31. 2-Propenyl-1-cyclohexene-1-carboxaldehyde 202 
32. Cyclopentanone trimethylsilyl enol ether 203 
33. 2-Methoxymethylenecyclopentanone 203 
34. 2-Propenyl-1-cyclopentene-1-carboxaldehyde 204 
35. 2-Bromo-1-cyclohexene-1-carboxaldehyde 205 
36. 1-Bromo-2--styryl-1-cyclohexene 205 
37. 2-Styryl-1--cyclohexene-1-carboxaldehyde 206 
38. 2-Bromo-1-cyclopentene-1-carboxaldehyde 206 
39. 1 -Bromo-2-styryl-1 -cyclopentene 207 
40. 2-Styryl-1-cyclopentene-1 -carboxaldehyde 208 
D. 	REACTIONS OF ct3,yS-UNSATURATED CARBONYL 
COMPOUNDS WITH SUBSTITUTED HYDR1'&ZINES 
1. 	To give 2-substituted-3,4-dihydro-1 ,2- 
diazepines 
1.1 4-Methylhexa-3,5-dien-2-one with p-toluene- 
sulphonylhydrazide 	 209 
181 
Page No 
1.2 4-Methylhexa-3,5-dien-2-one with phenyl- 
hydrazine 209 
1.3 4-Methylhepta-3 , 5-dien-2-one with 
p-toluenesulphonylhydrazide 210 
1,4 5-Methylocta-4,6-dien-3-one with 
p-toluenesulphonylhydrazide 210 
1 . 5 2, 5-Dimethylocta-4 , 6-dien-3-one with 
p-toluenesulphonylhydrazide 211 
1.6 1-Phenyl-5-methylocta-4,6-dien-3-one 
with p-toluenesulphonylhydrazide 212 
1.7 1-Phenyl-3-methylhexa-2,4-dien-1-one 
with p-toluenesulphonylhydrazide 212 
1.8 2-Propenyl-1-cyclopentene-1-carboxaldehyde 
with p-toluenesulphonylhydrazide 213 
1.9 2-Propenyl-1-cyclohexene-1-carboxaldehyde 
with p-toluenesulphonylhydrazide 213 
2. 	To give only hydrazones 
2.1 4-Methylhexa-3,5-dien-2-one with 2,4-dinitro- 
pheny1hydrazine 	 214 
2.2 4-Methylhepta-3,5-dien-2-one with 2,4-dinitro- 
pheny1hydrazine 	 215 
2.3 4-Methylhexa-3,5-dien-2-one with 4-nitrophenyl- 
hydrazine 	 215 
2.4 	2-Styryl--1 -cyclopentene-1 -carboxaldehyde with 
p-toluenesulphonylhydrazide 	 216 
2.5 2-Styryl-1-cyclohexene-1-carboxaldehyde with 
p-toluenesulphonylhydrazide 	 216 
2.6 4-Methyl-6-phenylhexa-3,5-dien-2-one 	217 
182 
Page No 
Attempted acid-catalvsed cvclisations of 
hydrazones of c3,6-unsaturated carbonyl 
compounds 
3.1 	Control experiments 	 217 
3.2 Experiments 	 217 
Anomalous reactivity of 4,6-diphenylhexa- 
3,5-dien-2-one 	 219 
Reaction of 3,4-dihydro-5,7-dimethyl-2-
tosyl-1,2-dizepine with lithium diisopropyl-
amide followed by treatment with methyl 
iodide 	 220 
E. 	SYNTHESIS OF DIAZEPINES 
2, 3-Benzodiazepines 
1.1 4-Phenyl-1H-2,3-benzodiazepine 	 221 
1.2 1-Methyl-4-phenyl-1H-2,3-benzodiazepine 221 
1.3 	1 ,2,3,3a-Tetrahydro-10-phenylbenzo-[c]cyclo- 
penta-[f] [1,2]diazepine 	 221 
1,2-Diazepines 
2.1 	3,5-Dimethyl-3H-1,2-diazepine and 5,7- 
dimethyl-3H-1 , 2-diazepine 	 222 
2.1.1 Synthesis 	 222 
2.1.2 Isomerisation study 	 223 
2.1.3 Deuterium incorporation study 	 223 
2.1.4 Photolysis study 	 224 
183 
Page No 
2.2 	3,5-Dimethyl-7-ethyl-3H-1 ,2-diazepine 
and 5, 7-dimethyl-3-ethyl-3H-1 , 2-diazepine 225 
2.2.1 Synthesis 225 
2.2.2 Isomerisation study 225 
2.3 3,5-Dimethyi--7-isopropyi-3H-1 ,2-diazepine 
and 5,7-dimethyl-3-isopropyl-3H-1 ,2- 
diazepine 226 
2.4  3, 5-Dimethyl-7-phenethyi-3H-1 , 2-diazepine 
and 5,7-dimethy1-3-phenethyl-3H-1 ,2- 
diazepine 227 
2.5 3,5,7-Trimethyl-3H--1 ,2-diazepine 227 
2.6 3,5-Dimethyl-7-phenyl-3H-1 ,2-diazepine 229 
2.7 5-Methyl-7-phenyl-3H-1 ,2-diazepine 229 
F. 	CONVERSION OF 1,2-DIAZEPINES INTO DIIRON 
HEXACARBONYL COMPLEXES 
4-Phenyl-1H-2,3-benzodiazepine 	 230 
1-Methyl-4-phenyl-1H-2,3-benzodiazepine 	 230 
1 ,2,3,3a-Tetrahydro-10-phenylbenzo-[c]cyclo- 
penta[f] [1 ,2]diazepine 	 231 
5-Methyl-7-phenyl-3H-1,2-diazepine 	 231 
3,5-Dimethyl-3H-1,2-diazepine and 5,7- 
dimethyl-3H-1 ,2-diazepine 	 232 
	
5.1 	Reaction with diiron nonacarbonyl 	 232 
5.2 	Reaction with benzylideneacetone iron tn- 
carbonyl 	 233 
5.3 	Thermolysis study 	 233 
184 
Page No. 
3, 5-Dimethyl-7-ethyl-3H-1 , 2-diazepine and 
5,7-dimethyl-3-ethyl-3H-1 ,2-diazepine 	234 
3,5-Dimethyl-7-isopropyl-3H-1 ,2-diazepine 
and 5,7-dimethyl-3-isopropyl-3H-1,2-diazepine 235 
3,5-Dimethyl-7-phenethyl-3H-1 ,2-diazepine 
and 5,7-dimethyl-3-phenethyl-3H-1 ,2-diazepine 236 
8.1 Synthesis 	 237 
8.2 	H.p.l.c. separation 	 237 
8.3 	Thermolysis study 	 238 
G. 	DISENGAGEMENT OF DIAZEPINE DIIRON HEXA- 
CARBONYL COMPLEXES 
4-Phenyl-1H-2,3-benzodiazepine diiron 
hexacarbonyl complex 	 239 
5,7-Dimethyl-3H-1,2-diazepine diiron hexa- 
carbonyl complex 	 239 
Im 
	
OXIDATION OF 1,2-DIAZEPINES 
4-Phenyl-1JI-2,3-benzodiazepine 	 240 
3,5,7-Trimethyl-3H-1 ,2-diazepine 	 240 
185 
EXPERIMENTAL 
A. 	Symbols and Abbreviations 
b.p. boiling point 
M.P. melting point 
t.l.c. thin-layer chromatography 
g.l.c. gas liquid chromatography 
h.p.l.c. high pressure liquid chromatography 
n.m.r. nuclear magnetic resonance 
5; 	d; 	t; singlet; 	doublet; 	triplet; 
q; m quartet; 	multiplet 
J coupling constant 
chemical shift 
I.R. infra-red 
wavenumber (cm 1) 
M + mass of molecular ion 
m/e mass to charge ratio 
h; mm; hours; minutes; 
S; seconds 




B. 	Instrumentation and General Techniques 
Melting Points. Melting points of new compounds were 
obtained on a Kofler hot-stage apparatus. 	All others were 
obtained using capillary tubes and Gallenkamp apparatus. 
Nuclear Magnetic Resonance Spectroscopy. 	Routine 'H n.m.r. 
spectra were recorded on a Varian EM360 spectrometer. 	100MHz 
spectra of new compounds were obtained using a Varian HA100 
spectrometer operated by Mr. J. Millar. 	360MHz spectra were 
recorded by Dr. I.H. Sadler using a Bruker WH360 spectrometer. 
Chemical shifts 	are measured in parts per million relative 
to tetramethylsilane (T.M.S.) as standard (cS = 0.0). 
' 3C N.m.r. spectra were generally recorded on a Varian 
CFT20 spectrometer operated by Mr. J. Millar, and in a few 
cases, on a Varian XL100 spectrometer operated by Mr. L. Bell. 
Chemical shifts 	were measured in p.p.m. relative to 
tetramethylsilane (5 = 0.0). 
All samples were dissolved in deuteriochloroform unless 
otherwise stated. 
Infra-red Spectroscopy. 	I.R. spectra were recorded on a 
Perkin-Elmer 157G Grating Spectrophotometer. 	Liquid samples 
were recorded as thin films, and solid samples as nujol mulls 
or in solution in chloroform. 
Mass Spectroscopy. 	Mass spectra and exact masses were 
obtained on an AEI MS902 mass spectrometer operated by Mr. D. 
Thomas. 
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Elemental Analysis. 	Microanalyses of all new compounds 
were obtained using a Perkin-Elmer model 240 analyser operated 
by Mr. J. Grunbaum. 
Gas-liquid Chromatography. 	Qualitative g.l.c. analysis was 
carried out using a Pye Series 104 chromatograph with a flame 
ionisation detector. 
Medium Pressure Liquid Chromatography. 	Preparative 
chromatography using pressurised eluants was carried out 
using glass columns and fittings supplied by Jobling, and 50 
micron silica as the column packing. 	A U.V. detector was 
used to monitor the eluant from the column to the fraction 
collector. 
Thin-layer Chromatography. Chromatograms were developed on 
0.33 mm layers of alumina (Merck, Aluminium Oxide G) or silica 
gel (Merck, Silica Gel G) containing Woelm fluorescent green 
indicator (0.5%) . 	Components of the chromatogram were 
detected by their quenching of fluorescence under U.V. light, 
or by their absorption of iodine. 
Preparative t.l.c. was performed on 20x20 cm plates 
coated with a 1 mm layer of alumina or silica. 
Column Chromatography. 	Alumina was Laporte Industries, grade 
H, 100/200 mesh, 6% deactivated with water. 
High Pressure Liquid Chromatography. 
H.p.l.c. analyses utilised a 25x0.5 cm column packed with 
Spherisorb (S5Y) silica (10,700 plates) , used with an ARL constant 
pressure pump and an L.D.C.1205 ultraviolet monitor operated at 
254 nm. 
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C. 	Preparation of Starting materials 
Diiron nonacarbonyl 
This was prepared by the method of Braye and Hube1177 . 
A photolysis apparatus was charged with iron pentacarbonyl 
(73 g, 0.20 mole) in glacial acetic acid (200 ml) . 	The 
reaction mixture was irradiated for 4 h at room temperature, 
under nitrogen (Applied photo-physics 400W Medium-pressure 
arc tube, with a quartz water-cooling jacket). 	The precipi- 
tated diiron nonacarbonyl was filtered from solution, washed 
with water, ethanol and finally ether (49.6 g, 73%) m.p.100-
1200C (decomp.) (lit., 177  100-1200C). 
Benzylideneacetone iron tricarbonyl 
This was prepared by the method of Domingos et al 
178 
Benzylideneacetone (8.48 g, 58 mmol) and diiron nonacarbonyl 
(21.2 g, 58 mmol) were heated in toluene (100 ml) under 
nitrogen for 5 h at 60°C. 	After the removal of the solvent 
under reduced pressure, the residue was dissolved in 10% 
ethylacetate/toluene (30 ml) filtered through celite and 
chromatographed on alumina. 	This gave benzylideneacetone 
iron tricarbonyl as red-orange crystals (3.9 g, 25%) m.p.88-
89°C (lit.,178 88-89°C), 6 H  2.5 (s,Me), 3.1 and 6.02 (d, J 6Hz, 
olefinic) , 7.57 (m, phenyl). 
2-Bromobenzyl bromide 
This was prepared by the method of Shoesmith and Slater 193 
from 2-bromotoluene (200 g, 1.17 mole) and bromine (184.8 g, 
2.31 mole). 	The product was distilled from the crude oil as 
ff 
a pale yellow liquid (260 g, 89%) b.p. 68-730C at 0.6 mmHg 
(lit., 
193 
 129 0  at 19 mmHg). 
2-Bromobenzyltriphenylphosphonium bromide 
This was prepared by the reaction of 2-bromobenzyl bromide 
(260 g, 1.04 mole) with triphenylphosphine (356 g, 1.36 mole) 
in boiling benzene (600 ml). 	After 1.5 h the product was 





A solution of sodium ethoxide, prepared from sodium 
(6.73 g, 0.293 mole) in "super-dry" ethanol (150 ml) was 
dripped into a stirred solution containing 2-bromobenzyltri-
phenylphosphonium bromide (150 g, 0.293 mole) and freshly 
distilled benzaldehyde (31.1 g, 0.293 mole) in dry ethanol 
(300 ml). 	After 24 h the precipitate of sodium bromide was 
filtered off and the solvent was evaporated under reduced 
pressure to give a brown oil. 	Triphenylphosphine oxide was 
removed by gravity chromatography on alumina, eluting with 
petrol 40/60. 	This gave a clear oil (73.2 g) containing 
both E and Z isomers. 	Isomerization to the E isomer was 
carried out by boiling the mixture under reflux in n-heptane 
(300 ml) for 60 h in the presence of a few crystals of iodine. 
Analysis of g.l.c. (2% OVI, 185°C) showed greater than 95% of 
the E isomer. 	The solution was washed with 5% sodium thio- 
sulphate (2x250 ml) , dried and the solvent removed in vacuo. 
E-2--Bromostilbene was distilled from the crude oil as a pale 
yellow liquid (49.2 g, 65%) b.p.144-1460C at 0.6 mmHg (lit. 95  
1450C at 0.55 mmHg). 
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E-2-Formylstilbene 
This was prepared by the method of Smith and Bayliss 196
using the Grignard reaction of E-2-bromostilbene (49.2 g, 
0.190 mole) and magnesium (4.62 g, 0.190 mole) in dry T.H.F. 
(200 ml) and dry dimethylformamide (20.9 g, 0.285 mole). 	The 
product was distilled from the crude material as a yellow 
liquid (24.5 g, 62%) b.p. 147-1500C at 0.6 mmHg, m.p.80-820C 
(lit. 
197 
 83°C) , V 	(film) 1690 cm 1 (C=O) 	10.35 (s, 
aldehyde), 6.85-8.25 (m, 11H, aromatic and olefinic). 
E-2-Formylstilbene tosyihydrazone 
E-2-Formylstilbene (11.3 g, 54.1 mmol) and p-toluene-
suiphonyihydrazide (10.1 g, 54.1 mmol) were dissolved separately 
in ethanol (60 ml) and warmed to 50°C. 	These two solutions were 
mixed and concentrated hydrochloric acid (0.5 ml) added. 	On 
cooling a white precipitate was deposited which was recrystallized 
from ethanol to give E-2-formylstilbene tosylhydrazone (13.7 g, 
72%) as white crystals m.p.141-143 o C (lit., 
6L
145-146.5 C) 
Vmax (Nujol) 3210 cm' (N-H), 6 2.37 (s, tosyl Me) , 6.7-8.0 




This was prepared by Claisen's method 	from acetylacetone, 
triethyl orthoformate and ferric chloride in ethanol. 	The 
0 reaction was monitored by g.l.c. (2% CAR 20M, 90 C). 	4-Ethoxy- 
pent-3-en-2-one was distilled as a pale yellow liquid in 27% 
yield, b.p.74-75 0  C at 16 mmHg (lit., 
199
71-72 C at 15 mmHg) 
V 	(film) 1675 cm' (C=O), 6 1.35 (t, J 7Hz, ethyl Me), 
191 
2.15 (s, Me), 2.27 (s, Me), 3.83 (, J 7Hz, ethyl CH2), 5.4 
(s, olefinic) 
9. 	4-Methylhexa-3 , 5-dien-2-one 
187 
This was prepared by the method of Crisan and Normant 
from vinyirnagnesium bromide and 4-ethoxypent-3-en-2-one. 
Distillation of the crude oil afforded the dienone as a pale 
yellow liquid in 47% yield, b.p.58-600C at 20 mmHg (lit., 1B7
55-56°C at 15 mmHg) ' max (film) 1670 cm 1 (C=O) 6 H  1.63 and 
2.19 (d, J 1.5Hz, 4-Me), 1.84 (s, Me), 4.9-5.5 (m, 6-H2), 
5.78 and 5.67 br (s, 3-H), 6.11 and 8.18 (dd, J 17.5Hz, 
J' 10.5Hz, 5-H); E to Z ratio ca. 2:1. 
10. 	4-Methylhepta-3, 5-dien-2-one 
187 
This was prepared by the method of Crisan and Normant 
from the reaction of the Grignard reagent of 1-bromoprop-1-ene 
and 4-ethoxypent-3-en-2-one. 	The dienone was distilled from 
the crude material as a pale yellow liquid in 53% yield, b.p. 
78-80°C at 15 mmHg (lit.,18779-80°C at 16 mmHg) umax (film) 
1640 cm' and 1685 cm' (C=O), 6 1.35 nad 1.81 (m, 6-Me), 
1.94 and 2.16 (d, J 1.5Hz, 4-Me), 2.2 (m, 2-Me), 5.6-6.3 
(m, 3H, olefinic), 7.52 (d, J 16Hz, 6-H, EL' isomer); estimated 
E,E to E,Z ratio ca.1.5:1. 
11. Pent-3-en-2-one 
200 
This was prepared by the method of Wilds and Djerassi 
from the aldol reaction of acetaldehyde, acetone and sodium 
hydroxide (18%), b.p.120-1240C at 760 mmHg (lit.,200121-122.5C 
at 760 mmHg). 
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Ethyl 3-hvdroxv-3-methvlhexa-4-enoate 
This was prepared in 71% yield using the method of 
Cologne and varagnat 
188, 
 by the Reformatsky reaction of ethyl 
bromoacetate, zinc and pent-3-en-2-one. 	The hydroxyester was 
distilled from the crude material as a colourless oil, b.p. 
87-90°C at 10 Inmllg (lit., 
188 
 93°C at 15 mmHg), umax  (film) 
3500 cm' (0-H), 1620 cm' (C=O) 6 1.28 (t, J 7Hz, ethyl 
Me), 1.3 (s, 3-Me), 1.69 (d, J 6Hz, =CHMe) , 2.57 (s, CH2) 
3.44 br (s, OH) , 4.22 (, J 7Hz, ethyl CH2) , 5.67 (m, 2H, 
olefinic). 
Ethyl 3-methylhexa-2 , 4-dienoate 
This was obtained by slow distillation from ethyl 3-
hydroxy-3-methylhexa-4-enoate with anhydrous copper sulphate 
according to the method of Cologne and Varagnat188. 	The 
ester was redistilled, after drying, as a colourless liquid 
(73%), b.p.83-850C at 14 mmHg (lit., 8 850C at 15 nimHg), 
-1 
umax (film) 1610 cm 	(C=O) 
3-Methylhexa-2,4-dienoic acid 
201 
This was prepared using Burton and Ingold's method 
by stirring ethyl 3-methylhexa-2,4-dienoate with 10% methanolic 
potassium hydroxide solution. 	This gave the acid as a white 
solid (84%) which was recrystallized from ethanol, m.p.118-
1200C (lit.,201120C), V
max 
 (Nujol) 2700 cm' (acidic OH), 
1680 cm 
-1 
 (C=O) 	1.86 (d, J 5Hz, =CHMe) , 2.27 (s, 3-Me) , 
5.71 br (s, 2-H) , 6.19 (m, 4-H and 5-H) , 10.91 br (s, acid H) 
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15. 3-Methylhexa-2,4-dienoic acid chloride 
This was prepared according to Burton and Ingold's 
201 
method by the addition of thionyl chloride to 3-methyihexa- 
2,4-dienoic acid in benzene. 	The acid chloride was distilled 
as a pale yellow liquid in 77% yield, b.p.1000C at 20 mmHg 
(lit. 
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 94-95°C at 15 mmHg) 	umax (film) 1750 cm' (C=O) 
16. 	5-Methylocta-4 , 6-dien-3-one 
This was prepared using a method based on that of Heilbron 
202 
et al. 	A Grignard reagent was prepared from ethyl 
bromide (14.3 g, 131 mmol) and magnesium (3.16 g, 131 mmol) 
in dry ether (60 ml). 	This was cooled to 0 0  C in ice, an 
anhydrous cadmium chloride (11.9 g, 65.4 mmol) was added in 
one batch with vigorous mechanical stirring. 	Dry benzene 
(100 ml) was added and the ether was removed by distillation. 
After 30 min at room temperature 3-methylhexa-2,4-dienoic acid 
(7.54 g, 52.3 mmol) in benzene (25 ml) was dripped in at 00C. 
The reaction mixture was boiled under ref lux for 20 mm, cooled 
to 0°C and carefully hydrolysed with ammonium chloride solution 
(10%, 100 ml). 	The aqueous layer was washed with ether 
(3x50 ml), the ether extracts combined with the organic phase, 
dried over magnesium sulphate and the solvent evaporated under 
reduced pressure to leave a yellow oil. 	Short-path distillation 
from this gave 5-methylocta-4,6-dien-3-one as a clear yellow 
oil 	(3.6 g, 50%) b.p.80 
0  C at 10 mmHg (lit., 
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77-79 C at 10 
mmHg); V max (film) 1680 cm' (C=O); 6H  1.06 (t, J 7.5Hz, 
ethyl Me), 1.84 (d, J 5Hz, 8-H3), 1.96 and 2.23 (d, J 1.5Hz, 
5-Me), 2.44 and 2.46 (overlapping q, J 7.5Hz, ethyl CH 2), 
5.95 and 6.03 br (s, 4-H), 7.6 br (d, J 16Hz) and 6.1-6.4 (m, 
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6-H and 7-H); E,E to Z,E ratio 2.3:1. 
2, 5-Dimethylocta-4, 6-dien-3-one 
This was prepared using the adapted Heilbron method 
described above 
202
. 	A Grignard reagent was prepared from 
isopropyl bromide (17.1 g, 0.139 mole) and magnesium (3.38 g, 
0.139 mole) in dry ether (80 ml). 	This was cooled to 0 0C 
and anhydrous cadmium chloride (12.7 g, 0.070 mole) added in one 
batch, under nitrogen. 	After rapid mechanical stirring for 
30 mm, 3-methylhexa--2,4-dienoic acid chloride (8.0 g, 0.056 
mole) in ether (30 ml) was dripped in. 	The mixture was boiled 
under ref lux for 2 h, cooled to 0°C and carefully hydrolysed 
with ammonium chloride solution (10%, 120 ml). 	The reaction 
mixture was then extracted with ether (3x50 ml), the organic 
phase dried, and the solvent was evaporated under reduced 
pressure to give a yellow oil. 	Short-path distillation from 
this gave 2,5-dimethylocta-4,6-dien-3-one as a yellow oil 
(2.88 g, 33%), b.p.95-1000C at 10 mmHg (Found: M, 152.119333 
C10H160 requires m/e, 152.120109); v max  (film) 1680 cm' (C=O); 
1.08 (d, J 7Hz, isopropy Me), 1.84 (d, J 5Hz, 8-H3), 1.98 
and 2.22 (d, J 1.5Hz, 5-Me), 2.62 (heptet, J 7Hz, 2-H), 7.57 
(d, J 16Hz) and 5.9-6.35 (m, 3H, olefinic) E,E to Z,E ratio 
ca.2:1. 	The 2,4-dinitrophenylhydrazone derivative had m.p. 
137-1380C (Found: C, 57.6; H, 6.0; N, 16.8. 	C16H20N404  
requires C, 57.8; H, 6.1; N, 16.9%). 
1-Phenyl-5-methylocta-4 , 6-dien-3-one 
This was prepared using the adapted Heilbron method 
202 
described above 	. A Grignard reagent was prepared from 
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phenethyl bromide (25.7 g, 0.139 mole) and magnesium (3.38 g, 
0.139 mole) in dry ether (100 ml). 	This was cooled to 0 0  C 
and anhydrous cadmium chloride (12.7 g, 0.070 mole) added in 
one batch, under nitrogen. 	After rapid mechanical stirring 
for 30 mm, 3-methylhexa-2,4-dienoic acid chloride (8.0 g, 0.056 
mole) in ether (30 ml) was dripped in. 	This mixture was boiled 
under ref lux for 2 h, cooled to 0°C and carefully hydrolysed 
with ammonium chloride solution (10%, 120 ml). 	The reaction 
mixture was extracted with ether (3x50 ml) , the organic phase 
dried, and the solvent evaporated under reduced pressure to 
leave a yellow oil. 	Short-path distillation from the afforded 
1-phenyl-5-methylocta-4,6-diene--3-one (7.1 g, 60%) as a yellow 
oil, b.p.140-1450C at 0.05 mmHg (Found: M, 214.133658 
C15H180 requires m/e, 214.135758; v max  (film) 1685 cm 	(C0); 
1.85 (d, J 4Hz, 8-H3) , 1.95 and 2.23 (d, 3 1.5Hz, 5-Me) , 
2.85 (m, CH2CH2) , 7.58 (d, 3 16Hz) and 5.8-6.3 (m, 3H, olefinic) , 
7.05-7.3 (m, 5H, phenyl); E,E to Z,E ratio ca.4:1. 	The 
2 ,4-dinitrophenylhydrazone derivative had m.p. 163-164°C 
(Found: C, 63.7; H, 5.6; N, 14.1. 	C21H22N404 requires 
C, 64.0; H, 5.6; N, 14.2%). 
19. 	1-Phenyl-3-methylhexa-2 , 4-dien-1-one. 
202 
This was prepared using the adapted Heilbron method 
A Grignard reagent was prepared from bromobenzene (21.8 g, 
0.139 mole) and magnesium (3.38 g, 0.139 mole) in dry ether 
(100 ml). 	This was cooled to 0°C and anhydrous cadmium 
chloride (12.7 g, 0.070 mole) added in one batch, under nitrogen. 
After rapid mechanical stirring for 30 mm, 3-methylhexa-2,4-
dienoic acid chloride (8.0 g, 0.056 mole) in ether (30 ml) was 
dripped in. 	The mixture was boiled under ref lux for 2 h, 
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cooled to 0°C and carefully hydrolysed with ammonium chloride 
(10%, 120 ml). 	The reaction mixture was extracted with ether 
(3x50 ml), the organic phase dried, and the solvent evaporated 
under reduced pressure to leave a yellow oil. 	Short-path 
distillation afforded 1-phenyl-3-methylhexa-2 ,4-dien-1-one 
(6.4 g, 62%) as a yellow oil, b.p.110 C at 0.1 mmHg (Found: 
C, 	83.9; H, 7.4. 	C13H140 requires C, 83.8; H, 7.6), N) max 
(film) 1680 cm' (C=O); 6 H  1.45 and 1.9 (d, J 4Hz, 6-Me), 
2.13 and 2.3 (d, J :1.5H-z, 3-Me), 6.1-6.3 (m, 2H, olefinic) , 
6.62 and 6,73 br (s, 2-H), 7.2-795 (m, 5H, phenyl) ; E,E to 
Z,E ratio ca.3:1. 
20. Benzvlideneacetophenone 
203 
This was prepared by the method of Vogel 	from the 
reaction between benzaldehyde, acetophenone and sodium 
hydroxide (53%) m.p.56-570C (lit.,20356-57°C). 
Ethyl 3-hydroxy-3 ,5-diphenylpenta-4-enoate 
This was prepared by the method of Ingold and Bloom 204 
from the Ref ormatsky reaction of ethyl bromoacetate, benzylidene-
acetophenone and zinc in dry benzene (65%) m.p.91-920C (lit., 204
93°C), Vmax  (Nujol) 3500 cm' (OH), '5H  1.22 (t, J 7Hz, ethyl 
Me), 3.09 br (s, CH2) , 4.19 (q, J 7Hz, ethyl CM2) , 4.87 br (s, 
OH) , 6.64 (m, olefinic) , 7.2-7.75 (m, 10H, aromatic). 
Ethyl 3, 5-diphenylpenta-2, 4-dienoate 
This was prepared by heating ethyl 3-hydroxy-3,5-diphenyl-
penta-4-enoate and p-toluenesulphonic acid (catalyst) in dry 
benzene under ref lux in an apparatus fitted with a Dean and 
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Stark trap. 	Ethyl 3,5-diphenylpenta-2,4-dienoate was 
distilled from the crude material as a yellow liquid (64%), 
b.p.160-1650C at 0.6 mmHg (lit., 205 156-164°  at 0.6 mmHg), 
showed the presence of E and Z isomers, in the ratio ca.2:1, 
1.07 and 1.33 (t, J 7Hz, ethyl Me), 4.01 and 4.28 (q, J 7Hz, 
ethyl CH2), 5.86 and 6.09 br (s, 2-H), 6.2-7.0 and 8.5-8.8 
(m, 2H, 4-H and 5-H), 7.2-8.0 (m, 10H, aromatic). 
23. 	3, 5-Diphenylpenta-2, 4-dienoic acid 
This was prepared using Bergmann and Solomonovici's 
205 
method by ref luxing ethyl 3,5-diphenylpenta--2,4-dienoate 
with 10% aqueous ethanolic sodium hydroxide. 	This gave the 
acid as a white solid which was recrystallized from ethanol 
(66%) m.p.143-145 	
206 
C (lit., 	145 C) Vmax (Nujol) 2800 cm- 1 
(acidic OH) ,H  5.89 br (s, 2-H) , 6.68 and 8.57 (d, J 16Hz, 
4-H and 5-H), 7.2-7.7 (m, 10H, aromatic), 10.3 br (s, acidic H). 
3 ,5-Diphenylpenta-2 ,4-dienoic acid chloride 
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This was prepared using Burton and Ingold's method 
3,5-Diphenylpenta-2,4-dienoic acid (10.0 g, 0.04 mole) and 
thionyl chloride (23.8 g, 0.20 mole) in dry benzene (100 ml) 
were stirred at room temperature overnight and then boiled 
under ref lux for 10 minutes. 	The benzene and excess thionyl 
chloride were evaporated off under reduced pressure to leave 
a brown oil. 	Short-path distillation afforded 3,5-diphenyl- 
penta-2,4-dienoic acid chloride as a yellow oil (5.2 g, 48%), 
b.p. 195°C at 0.05 mmHg, 3H  6.19 (s, 2-H) , 6.87 and 8.29 (AB, 
J 16Hz, 4-H and 5-H), 7.2-7.8 (m, 10H, aromatic), E,E to E,Z 
ratio greater than 10:1. 
25. 	4, 6-Diphenylhexa-3 ,5-dien-2-one. 
This was prepared using the adapted Heilbron method 202 
A Grignard reagent was prepared from methyl iodide (6.04 g, 
42.5 mmol) and magnesium (1.02 g, 42.5 mmol) in dry ether (50 
ml). 	This was cooled to 00  and anhydrous cadmium chloride 
(3.88 g, 21.3 mmol) added in one batch under nitrogen. 	After 
rapid mechanical stirring for 30 min, 3,5-diphenylpenta-2,4-
dienoic acid chloride (4.6 g, 17 mmol) in ether (20 ml) was 
dripped in. 	The mixture was boiled under ref lux for 2 h, 
cooled to 0°C and carefully hydrolysed with ammonium chloride 
(10%, 60 ml). 	The reaction mixture was extracted with ether 
(3x25 ml), the organic phase dried, and the solvent evaporated 
under reduced pressure to leave a yellow oil. 	Short-path 
distillation afforded 4,6-diphenylhexa-3,5-dien-2-one (2.47 g, 
59%) b.p.1850C at 0.7 mmHg. 	(Found: C, 86.8; H, 6.7. 
C18H160 requires C, 87.1; H, 6.5) 	(Found: M+, 248.121288 
C18H160 requires m/e, 248.120109), umax (film) 1670 cm' (C=O); 
7.1-7.6 (m, 10H, aromatic), 8.45 (d, J 16Hz) and 6.1-6.9 
(m, 3H, olefinic) , 2.29 and 1.84 (s, Me); E,E to Z,E ratio 
ca.4:1. 	Despite numerous attempts a 2,4-dinitrophenyihydrazone 
derivative could not be isolated. 
26. Cyclohexanone trimethylsilyl enol ether 
This was prepared by the method of House et al. 207 from 
the reaction of trimethylsilyl chloride, triethylamine, 
dimethylformamide and cyclohexanone in 80% yield, b.p.60-610C 
at 12 mmHg (lit., 20774-750C at 20 mmHg), 6 H (CC14) ; 0.9 (s, 
SiMe3), 2.1-3.1 (m, cyclohexyl), 5.43 br (m, olefinic). 
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2-Methoxymethylenecyclohexanone 
This was prepared by an adaption of Mukaiyama and 
Hayashi's method 208. 	Titanium tetrachloride (17.7 g, 93 nimol), 
trimethylorthoformate (9.4 g, 88 rnmol) and cyclohexanone 
trimethylsilyl enol ether (15 g, 88 inmol) were stirred in dry 
methylene chloride (80 ml) at -78°C for 3 h. 	The mixture was 
allowed to warm to room temperature and stirred for a further 
2 h. 	Hydrolysis was carried out by adding the mixture dropwise 
to a rapidly stirred solution of sodium carbonate (10%, 1 9). 
The aqueous layer was washed with ether (3x150 ml) and the ether 
extracts combined with the organic layer, dried over magnesium 
sulphate, and evaporated under reduced pressure to give a brown 
oil. 	Rapid distillation under nitrogen through a short 
Vigreux column afforded 2-methoxymethylenecyclohexanone as a 
clear liquid (6.3 g, 51%), b.p.78-800C at 0.4 mmHg (lit., 209 
85°C at 3.2 mmHg). 	(Found: M, 140.083248 	C8H1202 requires 
m/e, 140.083724), umax  (film) 1675 cm' (0=0), 6 1.55-1.95 
and 2.2-2.3 (m, 8H, cyclohexyl) , 3.81 (s, OMe) , 7.23 (t, J 
1.5Hz, olefinic) 
2-Dimethoxymethylcyclohexanone 
This was prepared by the method of Mukaiyama and Hayashi 20B 
Titanium tetrachloride (35.2 g, 0.185 mole), trimethyl ortho-
formate (18.7 g, 0.176 mole) and cyclohexanone trimethylsilyl 
enol ether (30 g, 0.176 mole) were stirred in dry methylene 
chloride (150 ml) at -78°C for 3 h. 	Hydrolysis was carried 
out by injecting the mixture (below -30°C) into a rapidly 
stirred sodium carbonate solution (10%, 2 2,). 	The aqueous 
layer was washed with ether (3x300 ml), the ether extracts 
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combined with the organic layer, dried over magnesium 
sulphate, and evaporated under reduced pressure to give a 
brown oil. 	Distillation of this afforded 2-dimethoxymethyl- 
cyclohexanone as a colourless liquid (15.1 g, 53%), b.p.66- 
202,210,211   
68 C at 0.1 mmHg (lit., 	 not quoted) 	(Found: 
172.110020 C9H1603 requires 172.109937) umax  (film) 
1670 cm' (C=O) 6 4.72 (d, J 6Hz, CH-(OMe)2) , 3.42 (s, OMe) , 
2.60 Cm, CH-CH- (OMe) 2 	1.5-2.4 (m, 8H, cyclohexyl). 
29. 2-Flydroxy-2-propenvlcyclohexane-1-carboxaldehvde 
dimethyl acetal. 
A Grignard reagent was prepared from 1-bromopropene 
(24.7 g, 0.204 mole) and magnesium (4.96 g, 0.204 mole) in 
dry T.H.F. (100 ml). 	This was cooled to 0 0C in ice and 2- 
dimethoxymethylcyclohexanone (28 g, 0.163 mole) in T.H.F. (50 
ml) was dripped in. 	The reaction mixture was stirred at room 
temperature for a further 12 h. 	The Grignard complex was 
decomposed by the careful addition of saturated ammonium 
chloride (100 ml) at 0°C. 	The aqueous layer was washed with 
ether (3x50 ml), the ether extracts combined with the organic 
layer, dried over magnesium sulphate and the solvent removed 
under reduced pressure to give yellow oil. 	This was distilled 
to give 2-hydroxy-2-propenylcyclohexane-1-carboxaldehyde 
dimethylacetal (21.9 g, 63%) as yellow oil b.p.89-910C at 
0.3 mmHg 	(Found: C, 67.3; H, 9.95. 	C12H2002 requires 
C, 	67.3; H, 10.3%) 	v max  (film) 3500 cm' (OH), 6 1.1-1.9 
(m, 9H, cyclohexyl), 1.86 (d, J 7Hz, =CH.Me), 2.2 br (s, OH), 
3.32 and 3.38 (s, 6H, OMe), 4.46 br (s, CH-(OMe)2), 5.15-5.55 
(m, 2H, olefinic). 
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30, 2-Hydroxy-2-propenylcyclohexane-1-carboxaldehyde 
The acetal was hydrolysed by the method of Conia et al. 212 
An aqueous solution of oxalic acid (10%, 6 ml) was added to a 
stirred suspension of silica gel (60 g, Merck; silica gel 60, 
230-400 mesh) in dichioromethane (200 ml). 	After 2-3 min the 
water phase disappeared due to adsorption on the silica gel 
surface. 	2-Hydroxy-2-propenylcyclohexane-1-carboxaldehyde 
dimethylacetal (10 g, 47 mmol) dissolved in dichioromethane 
(25 ml) was dripped in and the mixture stirred for a further 
12 h. 	Sodium hydrogen carbonate (2.0 g) was added, the 
mixture stirred for 5 min and the solid phase then separated 
by suction filtration. 	Evaporation of the solvent under 
reduced pressure gave a yellow oil which when separated by 
medium pressure liquid chromatography (silica, ether:petrol 
40/60, 1:4) gave 2-hydroxy-2-propenylcyclohexane-1-carbox- 
aldehyde as a yellow oil (5.3 g, 68%) 	(Found: M, 168.114801 
C10H1602 requires m/e, 168.115023) umax  (film) 3500 cm 1  
(OH), 1710 cm' (C=O) 6 showed the presence of E and Z isomers 
in the ratio ca. 1:1, 9.7 and 9.73 (d, J 2Hz, aldehyde), 5.3-
5.9 (m, 2H, olefinic), 2.83 br (s, 1H, OH), 2.28 (m, 1H, CH-CHO), 
1.86 and 1.66 (d, J 5Hz, Me), 1.17-2.1 (m, 8H, cyclohexyl) 
The 2,4-dinitrophenyihydrazone derivative had m.p.133-1340C 
(Found: C, 55.4; H, 5.9; N, 16.1. 	C16H20N405 requires 
C, 55.2; 	H, 5.8; 	N, 16.1%) 	10.98 br (s, NH) , 9.06 (d, 
J, 2Hz, m-ArH), 8.28 (dd, J 10Hz, Jt 2Hz, m'-ArH), 7.86 (d, 
J 10Hz, o-ArH) , 7.66 (d, J 5Hz, CH=N) , 5.48 (m, 2H, olefinic) , 
2.55 (m, 1H, CH-CH=N) , 1.87 (d, J 5Hz, Me) , 1.5-2.1 (m, 9H, 
cyclohexyl including OH). 
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31. 2-Propenyl-1-cyclohexene-1-carboxaldehyde 
This was prepared by the dehydration technique outlined 
by Corey and Enders 189. 	Freshly distilled methanesulphonyl 
chloride (4.01 g, 35 mmol) was added dropwise to a stirred 
solution of triethylaxnine (10.1 g, 0.10 mole) and 2-hydroxy-2-
propenylcyclohexane-1-carboxaldehyde (5.2 g, 31 mmol) in dry 
methylene chloride (50 ml) at 0°C under nitrogen and in the 
dark. 	Almost immediately a white precipitate of triethylamine 
hydrochloride was observed. 	The reaction mixture was stirred 
for 30 h and then the organic phase was washed with dilute 
hydrochloric acid (2x20 ml), sodium bicarbonate solution (10%, 
1x20 ml) and finally with water (1x20 ml). 	The organic phase 
was dried over magnesium sulphate and the solvent removed under 
reduced pressure to leave a yellow oil. 	This oil was 
separated by medium pressure chromatography (silica, ether: 
petrol 40/60, 1:1) to give recovered 2-hydroxy-2-propenyl-
cyclohexane-1-carboxaldehyde (2.08 g, 40% recovery) and 2-
propenylcyclohex-1-ene--1-carboxaldehyde (1.91 g, 68% based on 
consumed starting material) as a clear liquid 	(Found: 
M, 	150.104006 C10H140 requires m/e, 150.104459), V 
max 
 (film) 
1715 cm' (C=O), 6  showed the presence of E and Z isomers 
in the ratio ca.1:1, Z isomer; 9.73 (s, aldehyde), 6.01 
(d, J 12Hz, CH=CHMe), 5.9 (dq, J 12Hz, J 1 5Hz, CH=CEJMe), 2.05-
2.35 and 1.5-1.85 (m, cyclohexyl including Me), E isomer; 
10.25 (s, aldehyde), 6.98 (d, J 16Hz, CH=CHMe) , 6.0 (dq, J 
16Hz, J' 6Hz, CH=CRMe), 1.87 (d, J 6Hz, Me), 2.1-2.35 and 1.5- 
1.8 (m, cyclohexyl). 	The 2,4-dinitrophenyihydrazone derivative 
had m.p.147-1480C 	(Found: C, 57.9; H, 5.6; N, 17.0 
C16H18N404 requires C, 58.2; H, 5.5; N, 17.0%) 
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* 
Cyclopentanone trimethylsilyl enol ether 
This was prepared by the method of House et al. 207
from the reaction of trimethylsilyl chloride, triethylamine, 
dimethylformamide and cyclopentanone in 67% yield, b.p. 154- 
155°C at 760 mmHg (lit., 	158-159°C at 760 mmHg) 6  (Cd 4) ; 
1.0 (s, SiMe3) , 2.45-3.2 (m, cyclopentyl) , 5.42 br (s, olefinic) 
* 
2-Methoxymethylenecyclopentanone 
This was prepared by an adaption of Mukaiyama and 
Hayashi's method 208. 	Titanium tetrachloride (24.3 g, 0.128 
mole), trimethylorthoformate (12.7 g, 0.120 mole) and cyclo- 
pentanone trimethylsilyl enol ether (19.2 g, 0.120 mole) were 
stirred in dry methylene chloride (120 ml) at -78°C for 3 h. 
The mixture was allowed to warm to room temperature and stirred 
for a further 2 h. 	Hydrolysis was carried out by adding the 
mixture dropwise to a rapidly stirred solution of sodium 
carbonate (10%, 1 2). 	The aqueous layer was extracted with 
ether (3x150 ml), the ether extracts were combined with the 
organic layer, dried over magnesium sulphate, and the solvent 
removed under reduced pressure to give a black oil. 	Rapid 
distillation under nitrogen through a short Vigreux column 
afforded 2-methoxymethylenecyclopentanone as a clear liquid 
(8.5 g, 56%) b.p.76-780C at 2.5 mmHg (1 it.,21054-560C at 0.1 
mmHg) 	(Found: M, 126.068277 C7H1002 requires m/e, 
126.068075) umax  (film) 1695 cm' (C=O) 	6 1.8-2.1 (m, 4-H2) 
2.15-2.35 (m, 3-H2), 2.4-2.6 (m, 5-H2), 3.8 (s, OMe), 7.2 br 
(s, olefinic). 	The 2,4-dinitrophenyihydrazone derivative had 
* 
Prepared in collaboration with Mr. I.R. Robertson. 
This applies t(iro3!ioot 
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m..p.222-2240C 	(Found: C, 50.8; H, 4.7; N, 18.2. 
C13H14N405 requires C, 51.0; H, 4.6; N, 18.3%) 
* 
34. E-2-Propenyl-1-cyclopentene-1-carboxaldehyde 
This was prepared using the adapted method of Dreiding 
and Nickel 213. 	A lithium reagent was prepared from 1-bromo- 
propene (5.33 g, 44 rnmol) and lithium (0.616 g, 88 mmol) in 
dry ether (50 ml). 	The lithium reagent was decanted and then 
added dropwise to a rapidly stirred solution of 2-methoxymethyl--
enecyclopentanone (3.7 g, 30 mrnol) in dry ether (50 ml) at -500C. 
After the addition was complete the reaction was allowed to 
warm to room temperature and stirred for a further 12 h. 
Hydrolysis was carried out by the careful addition of hydro-
chloric acid (10%, 100 ml) at 0°C, after the addition the reaction 
mixture was stirred for a further 8 h. 	The aqueous layer was 
washed with ether (3x30 ml) , the ether extracts were combined 
with the organic layer, dried over magnesium sulphate and the 
solvent evaporated under reduced pressure to give a brown oil. 
This oil was separated by medium pressure chromatography 
(silica, ether:petrol 40/60, 1:4) to give E-2-propenylcyclo--
pent-1-ene-1-carboxaldehyde as a colourless liquid (1.27 g, 
31.8%), b.p.83-840C at 1.5 mmHg 	(Found: M, 136.087861 
C9H120 requires m/e, 136.088810) umax  (film) 1710 cm' (C=O) 
1.7-2.1 and 2.5-2.9 (m, 9H, cyclopentyl including Me at 1.91, 
d, J 6Hz) , 6.1 (dq, J 16Hz, J' 6Hz, CH=CHMe) , 7.0 (d, J 16Hz, 
CH=CHMe), 10.17 (s, aldehyde). 	The 2,4-dinitrophenylhydra- 
zone derivative had m.p.187-1880C (Found: C, 57.2; H, 5.0; 
N, 17.8. 	C15H16N404 requires C, 57.0; H, 5.10; N, 17.7%). 
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2-Bromo-1-cyclohexene-1-carboxaldehyde 
This was prepared using the method of Arnold et al. 214 
by the reaction between dimethylformamide (110 g, 1.5 mole), 
phosphorus tribromide (340 g, 1.25 mole) and cyclohexanone 
(49 g, 0.50 mole). 	2-Bromocyclohex-1-ene-1-carboxaldehyde 
was distilled from the crude material as a colourless liquid 
(26 g, 27%), b.p.60-62 C at 0.8 mmHg (lit., 
214
51 C at 0.7 
mmHg), umax (film) 1695 cm 	(C=O), 6 H  1.45-2.85 (m, 8H, 
cyclohexyl) , 10.1 (s, aldehyde). 
1-Bromo-2-styryl-1-cyclohexene 
A solution of sodium ethoxide, prepared from sodium (3.17 
q, 0.138 mole) in "super-dry" ethanol (100 ml) was dripped 
into a stirred suspension of 2-bromobenzyltriphenylphosphonium 
bromide (59.8 g, 0.138 mole) in ethanol (200 ml). 	This 
mixture was stirred for 1 h at room temperature and the 2-
bromocyclohex-1-ene-1-carboxaldehyde (26 g, 0.138 mole) was 
dripped into the mixture at 00C. 	The reaction mixture was 
stirred at room temperature for 12 h and then boiled under 
reflux for 5 mm. 	The precipitate of sodium bromide was 
filtered off and the solvent removed under reduced pressure 
to give a brown oil. 	Triphenylphosphine oxide was removed 
by gravity chromatography on alumina eluting with petrol 40/60 
and 1-bromo-2-styryl-1-cyclohexene was isolated as a clear oil 
(30.6 g, 84%) 	(Found: M, 262.036093 C14H1579Br requires 
m/e, 262.035760) cSH showed the presence of E and Z isomers, 
in the ratio ca.2:1, E isomer; 1.5-1.85 and 2.1-2.7 (m, 8H, 
cyclohexyl) , 6.51 (d, J 16Hz, 1H, olefinic) , 7.05-7.5 (m, 6H, 
aromatic plus one olefinic); z isomer, 1.4-1.85 and 2.2-2.75 (m, 
8H, cyclohexyl), 6.16 and 6.43 (AB, J 12Hz, olefinic, 7.1-7.5 
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(m, 5H, aromatic). 
2-Styryl-1-cyclohexene-1-carboxaldehyde 
A Grignard reagent was prepared from 1-bromo-2-styryl-
1-cyclohexene (28.5 g, 0.108 mole) and magnesium (2.62 g, 
0.108 mole) in dry T.H.F. (100 ml). 	This was cooled to 0 0 C 
in ice and dry dimethylformamide (11.8 g, 0.162 mole) in 
T.H.F. (50 ml) was dripped in. 	The mixture was then allowed 
to stir at room temperature for 12 h. 	The Grignard complex 
was decomposed by the careful addition of saturated ammonium 
chloride (100 ml) at 0°C. 	The aqueous layer was washed with 
ether (3x50 ml) and the ether extracts combined with the organic 
layer, dried over magnesium sulphate, and the solvent evaporated 
under reduced pressure to give a dark yellow oil. 	Purification 
of this oil by medium pressure chromatography (silica, ether: 
petrol 40/60, 1:3) gave 2-styryl-1-cyclohexene-1-carboxaldehyde 
as a yellow solid (14.0 g, 61%) which recrystallized from 
ethanol m.p.82-830C 	(Found: M+,  212.120366 	C15H160 requires 
m/e, 212.120109) umax  (Nujol) 1645 cm' (C=O), 3H  showed the 
presence of E and Z isomers in the ratio ca.9:1, E isomer; 
1.5-1.85 and 2.25-2.65 (m, 8H, cyclohexyl) , 6.81 and 7.72 
(AB, J 16Hz, 2H, olefinic) , 7.2-7.55 (m, SE, aromatic) , 10.38 
(s, aldehyde). 	The 2,4-dinitrophenylhydrazone derivative had 
m.p.215-2180C 	(Found: C, 64.1; H, 5.05; N, 14.0. 
C21H20N404 requires C, 64.3; H, 5.1; N, 14.3%). 
* 
2-Bromo-1-cyclopentene-1-carboxaldehyde 
This was prepared using the method of Arnold et al. 214 
by the reaction between dimethylforinamide (110 g, 1.5 mole), 
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phosphorus tribromide (340 g, 1.25 mole) and cyclopentanone 
(42 g, 0.50 mole). 	2-Bromo--i-cyclopentene-1-carboxaldehyde 
was distilled from the crude material as a colourless liquid 
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(47.2 g, 54%) b.p.45 C at 0.8 rnmFlg (lit., 	45-47 C at 1.5 
mmHg) "max  (film) 1695 cm 1  (C=O) 6 1.8-3.1 (m, 6H, cyclo-
pentyl) , 9.93 (s, aldehyde). 
* 
39. 1-Bromo--2-styryl-1-cyclopentene 
A solution of sodium ethoxide, prepared from sodium 
(0.95 g, 41.4 mmol) in "super-dry" ethanol (50 ml) was dripped 
into a stirred suspension of 2-bromobenzyltriphenylphosphonium 
bromide (17.9 g, 41.4 rnmol) in dry ethanol (200 ml). 	This 
mixture was stirred for 1 h at room temperature and then 
2-bromo-1-cyclopentene-1-carboxaldehyde (7.24 g, 41.4 rnmol) 
dripped into the mixture at 00C. 	The reaction mixture was 
stirred at room temperature for 12 h and then boiled under 
reflux for 5 mm. 	The precipitate of sodium bromide was 
removed by filtration and the solvent removed under reduced 
pressure to leave a brown oil. 	Triphenyiphosphine oxide was 
removed by gravity chromatography on alumina eluting with 
petrol 40/60. 	1-Bromo-2-styryl-1-cyclopentene was isolated 
as a yellow oil (7.68 g, 74%) 	(Found: C, 62.85; H, 5.3. 
C13H13Br requires C, 62.7; H, 5.3) 6 showed the presence of 
E and Z isomers, in the ratio ca.2:1, E isomer; 1.7-2.95 (m, 
cyclopentyl), 6.51 and 7.09 (AB, J 16Hz, 2H, olefinic), 7.15-
7.65 (m, 5H, phenyl) , Z isomer; 1.6-2.3 and 2.5-2.75 (m, 





A Grignard reagent was prepared from 1-bromo-2-styryl-
cyclopent-1-one (1.4 g, 5.62 mmol) and magnesium (0.13 g, 
5.62 mmol) in dry T.H.F. (60 ml). 	This was cooled to 0°C 
in ice and dry dimethylformamide (0.62 g, 8.4 mmol) in T.H.F. 
(20 ml) was dripped in. 	The mixture was then allowed to stir 
at room temperature for 12 h. 	The Grignard complex was 
decomposed by the careful addition of saturated ammonium 
chloride (50 ml) at 0°C. 	The aqueous layer was washed with 
ether (3x50 ml) , the ether extracts combined with the organic 
layer, dried over magnesium sulphate and the solvent evaporated 
under reduced pressure to give dark orange oil. 	This oil 
was separated by gravity chromatography on alumina (eluant; 
ether:petrol 40/60, 1:3) to give 2-styryl--1-cyclopentene-1--
carboxaldehyde as an orange solid (0.69 q, 62%) which was 
recrystallized from ethanol, m.p. 103-104 0C 	(Found: C, 84.6; 
H, 7.25 	C14H140 requires C, 84.8; H, 7.1%) umax 	uj0fl 
1640 cm 1 (C=O), 6 H  showed the presence of E and 
Z isomers, in the ratio ca.5:1, 1.75-2.1 and 2.55-2.95 (m, 
cyclopentyl) , 6.80 and 7.62 (AB, J 16Hz, olefinic F isomer) , 
7.2-7.6 (m, 5H, phenyl) , 10.31 (s, aldehyde F isomer) , 9.92 
(s, aldehyde Z isomer) 
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D. 	Reaction of c3,y-unsaturated carbonyl compounds with 
substituted hydrazines 
1 	To give 2-substituted-3 ,4-dihydro-1 ,2-diazepines 
1.1 4-Methylhexa-3 ,5-dien--2-one with p-toluenesulphonyl-
hydraz ide 
This reaction was carried out by the method of Sharp 
et al. 33 p-Toluenesulphonylhydrazide (5.08 g, 26.2 mmol) and 
4-methylhexa-3,5-dien-2-one (3.0 g, 26.2 mmol) were stirred in 
ethanol (30 ml) containing concentrated hydrochloric acid (1.5 
ml) under nitrogen and in the dark for 12 h. 	Recrystallisation 
of the deposited white precipitate from ethyl acetate gave 
3,4-dihydro-5,7-dimethyl-2-tosyl-1,2-diazepine as colourless 
needles (5.03 g, 69%), m.p.1850C (lit.,194185) 	6 H  1.89 br 
(s, 5-Me), 2.00 (s, 7-Me) , 2.41 (s, tosyl Me) , 2.61 br (t, 
4-H2) , 3.38 (t, J 5Hz, 3-H2) , 5.64 br (s, 6-H) , 7.30 and 7.86 
(AB, J 8Hz, ArH). 
1.2 	4-Methylhexa-3 ,5-dien-2--one with phenylhydrazine 
This reaction was carried out using the method of Vogel 
et al. 
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 The ketone (0.20 g, 1.82 mmol) was added to a 
solution of phenylhydrazine hydrochloride (0.524 g, 3.64 mmol) 
and sodium acetate (0.79 g) in water (10 ml) and the mixture 
was stirred for 12 h at room temperature in the dark and under 
nitrogen. 	The mixture was extracted with ether (3x10 ml), 
the ether solution was dried and evaporated under reduced 
pressure and the residue was chromatographed on alumina to 
give 3,4-dihydro-5,7-dimethyl-2-phenyl-1,2-diazepine (0.078 g, 
21%) as a colourless oil 	(Found: M+,  200.131290 C13H16N2 
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requires m/e, 200.131342). 	Spectral data see appendix 2.1, 
and 4-methylhexa-3,5-dien-2-one phenyihydrazone (0.166 g, 
46%) as a colourless oil, readily oxidised in air (Found: 
M, 200.130162, C13H16N2 requires m/e, 200.131342) 
Spectral data see appendix 1.1. 
1.3 	4-Methylhepta-3, 5-dien-2-one with p-toluenesulphonyl 
hydraz ide 
p-Toluenesulphonylhydrazide (1.6 g, 8.3 rnmol) and 4-
methylhepta-3,5-dien-2-one (1.0 g, 8.3 rnmol) were stirred in 
ethanol (30 ml) containing concentrated hydrochloric acid 
(0.5 ml) under nitrogen and in the dark for 12 h. The white 
solid obtained by filtration was recrystallized from ethanol 
to give 314-dihydro-3,5,7-trimethyl-2-tosyl-1,2-djazepine as 
white needles 1.1 g, 45%), m.p. 164-166°c (lit.,19 164-166°C) 
0.48 (d, J 7Hz, 3-Me), 1.87 br (s, 5-Me), 2.06 (s, 7-me), 
2.41 (s, tosyl Me) , 2.18 (d of d, J 19Hz, J' 2Hz, 4_Ha) 	2.95 
br (d of d, J 19Hz, J' 7Hz, 4_Ilb),  4.68 (quintet of d, J 7Hz, 
J' 2Hz, 3-H), 5.69 br (s, 6-H), 7.28 and 7.68 (A2M2, J 8Hz, 
ArH). 
1.4 	5-Methylocta-4 ,6-dien-3-one with p-toluenesulphonyl- 
hydrazide 
5-Methylocta-4,6-dien-3-one (3.6 g, 26.1 mmol) was stirred 
in ethanol (75 ml) with p-toluenesulphonylhydrazide (4.85 g, 
26.1 nimol) and concentrated hydrochloric acid (0.5 ml). After 
stirring for 12 h a white precipitate of 5-methylocta-4,6-
dien-3-one tosyihydrazone (3.26 g, 41%) was filtered off and 
recrystallized from ethanol, m.p. 129-130 0C (Found: C, 62.4; 
H, 7.0; N, 9.1 	C16H22N202S requires C, 62.7; H, 7.2; 
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N, 9.1%). 	Spectral data see appendix 1.2. 	Addition of 
further concentrated hydrochloric acid (1.5 ml) to the mother 
liquors and stirring for 12 h resulted in the formation of 
another white precipitate of 3,4-dihydro-3,5-dimethyl-7-ethyl-2-
tosyl-1,2-diazepine (1.4 g, 17.6%) which recrystallized from 
ethanol m.p.125-1260C (lit., 194 1260C) 	6 H  0.47 (d, J 7Hz, 
3-Me) , 1.08 (t, J 8Hz, ethyl Me) , 1.88 br (s, 5-Me) , 2.2-2.5 
(m, ethyl CH2), 2.40 (s, tosyl Me), 2.0-2.4 (m, overlapping 
with ethyl CH2, 4-H a) , 2.96 br (d of d, J 18, J' 7Hz, 4_H b) ' 
4.70 (quintet of d, J 7, J' 2Hz, 3-H) , 5.69 br (s, 6-H) , 
7.26 and 7.87 (A2M2, J 8Hz, ArH) 
1.5 2,5-Dimethylocta-4,6-dien-3-one with p-toluenesulphonyl-
hydra z ide 
The ketone (2.50 g, 16.4 rnmol) was stirred in ethanol 
(50 ml) with p-toluenesulphonylhydrazide (3.05 g, 16.4 mmol) 
and concentrated hydrochloric acid (1 ml) for 12 h. 	The 
reaction mixture was neutralised with sodium bicarbonate and 
the solvent removed under reduced pressure to give a brown 
oil. 	This was then separated by medium pressure chromatography 
(silica, ether:petrol 40/60, 1:4) to give 3,4-hydro-3,5-
dimethyl-7-isopropyl-2-tosyl-1,2-diazepine (1.42 g, 27%) which 
was recrystallized from ethanol m.p.86-870C 	(Found: C, 63.8; 
H, 7.6; N, 9.0 	C17H24N202S requires C, 63.7; H, 7.6; 
N, 8.7%). Spectral data see appendix 2.2, and 2,5-dimethylocta-
4,6-dien-3-one tosyihydrazone (0.57 g, 11%) which was 
recrystallized from ethanol, m.p.130-131 0C 	(Found: C, 63.4; 
H, 7.4; N, 8.7 	C17H24N202S requires C, 63.7; H, 7.6; 
N, 8.7%) spectral data see appendix 1.3. 
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1.6 	1-Phenyl-5-methylocta-4, 6-dien-3-one with p-toluene- 
su iphony lhydraz ide 
p-Toluenesulphonylhydrazide (4.0 g, 21.5 mmol) and 1-
phenyl-5-methylocta-4,6-dien-3-one (4.6 g, 21.5 mmol) were 
stirred for 12 h in ethanol (50 ml) containing concentrated 
hydrochloric acid (3 ml). 	The reaction mixture was neutralised 
with sodium bicarbonate, dried over magnesium sulphate, and 
the solvent removed under reduced pressure to give a brown 
oil. 	This oil was separated by gravity chromatography 
(alumina, ether:petrol 40/60, 1:4) to give 3,4-dihydro-3,5-
dimethyl-7-phenethyl-2-tosyl-1,2-diazepine as a white solid 
(5.20 g, 63%) which was recrystallized from ethanol m.p. 131- 
1320C (Found: C, 68.8; H, 6.8; N, 7.2. 	C22H26N202S 
requires C, 69.0; H, 6.8; N, 7.3%) spectral data see 
appendix 2.3. 
1.7 	1-Phenyl-3-methylhexa-2 , 4-dien-1-one with p-toluene- 
suiphonyihydrazide 
1-Phenyl-3-methylhexa-2,4-dien-1-one (3.80 g, 20.4 mmol) 
and p-toluenesulphonylhydrazide (3.80 g, 20.4 mmol) were 
stirred for 12 h in ethanol (30 ml) containing concentrated 
hydrochloric acid (3 ml). 	The white solid obtained by filtra- 
tion was recrystallized from ethanol to give 3,4-dihydro-3,5-
dimethyl-7-phenyl-2-tosyl-1 , 2-diazepine as white crystals 
(4.30 g, 59%) m.p. 168-1690C 	(Found: C, 67.9; H, 6.2; 
N, 8.0. 	C20H22N202S requires C, 67.8; H, 6.3; N, 7.9%) 
spectral data see appendix 2.4. 
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1.8 2-Propenyl-1--cyclopentene-1-carboxaldehyde with 
p-toluenesulphonylhydraz ide 
The aldehyde (0.22 g, 1.62 mmol) and p-toluenesulphonyl-
hydrazide (0.30 g, 1.62 mmol) were stirred in ethanol (10 ml) 
containing concentrated hydrochloric acid (1 drop) for 12 h. 
The reaction mixture was neutralised by the addition of solid 
sodium bicarbonate, dried over magnesium sulphate, and the 
solvent removed under reduced pressure to give a brown oil. 
This oil was separated by medium pressure chromatography (silica, 
ether:petrol 40/60, 1:4) to give 2-propenyl-1-cyclopentene-1-
carboxaldehyde tosylhydrazone as a white solid (0.266 g, 54%) 
which was recrystallized from ethanol, m.p.111-1130C (Found: 
C, 63.1; H, 6.8; N, 9.3. 	C16H20N202S requires C, 63.1; 
H, 6.6; N, 9.2) spectral data see appendix 1.7. 
Cyclisation was carried out by stirring the tosyihydrazone 
(1.0 g,3.3 mmol) in dry benzene (20 ml) containing trifluoro-
acetic acid (5 drops) under nitrogen and in the dark for 24 h. 
The solution was washed with sodium bicarbonate solution (10%, 
20 ml), dried over magnesium sulphate, and the solvent removed 
under reduced pressure to give a brown oil. 	This oil was 
separated by medium pressure chromatography (silica, ether:petrol 
40/60, 1:4) to give 4-methyl-4,5,6,7,8-pentahydro-3-tosyl-
cyclopenta [d]-[1,2]  diazepine (0.57 g, 57%) which was re-
crystallized from ethanol, m.p.131-1320C (Found: C, 63.4; H, 
6.5; N, 9.0. 	C16H20N202S requires C, 63.1; H, 6.6; N, 	9.2%) 
spectral data see appendix 2.5. 
1.9 2-Propenyl-1-cyclohexene-1-carboxaldehyde with p-toluene-
sulphoriy lhydra z ide 
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The aldehyde (1.80 g, 12 mmol) and p-toluenesulphonyl-
hydrazide (2.23 g, 12 mmol) were stirred in ethanol (30 ml) 
containing concentrated hydrochloric acid (1 drop). 	After 
stirring for 1 h, inspection by t.l.c. (alumina, ether:petrol 
40/60, 1:1) showed that the reaction had gone to completion. 
The deposited white precipitate of 2-propenyl-1-cyclohexene-
1-carboxaldehyde tosylhydrazone was filtered off (2.55 g, 
67%) and was recrystallized from ethanol, m.p. 126-1270C 
(Found: C, 64.0; H, 7.2; N, 87. 	C17H22N202S requires 
C, 64.1; H, 7.0; N, 8.8%) spectral data see appendix 1.8. 
Cyclisation was carried out by stirring 2-propenyl-1-
cyclohexene-1-carboxaldehyde tosylhydrazone (0.65 g, 2.04 mmol) 
in dry benzene (20 ml) containing trifluoroacetic acid (5 drops) 
for 60 h in the dark and under nitrogen. 	The reaction mixture 
was then washed with sodium bicarbonate solution (10%, 10 ml), 
dried over magnesium sulphate, and the solvent removed under 
reduced pressure to give a brown oil. 	This oil was separated 
by medium pressure chromatography (silica, ether:petrol 40/60, 
1:4) to give 4-methyl-4 15,6,7 ,8,9-hexahydro--3-tosyl-cyclohexa-
[d]-[1,2]diazepine as a white solid (0.104 g, 16%) which was 
recrystallized from ethanol m.p. 126-127 0C 	(Found: C, 64.0; 
H, 6.9; N, 8.8. 	C17H22N202S requires C, 64.1; H, 7.0; N, 
8.8%) spectral data see appendix 2.6. 
2. 	To give only hydrazones 
2.1 4-Methylhexa-3,5-dien--2-one with 2,4-dinitrophenylhydrazide 
The reaction was carried out using the method of Vogel. 203 
2,4-Dinitrophenyihydrazine (300 mg, 1.5 mmol) in methanol (5 ml) 
was dissolved by the careful addition of concentrated sulphuric 
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acid (1.0 ml). 	The solution was filtered, and 4-methylhexa- 
3,5-dien-2-one (0.11 g, 1 mmol) dissolved in ether (1 ml) was 
added dropwise. 	An immediate red precipitate of the hydrazone 
was deposited, which was filtered off and washed with methanol 
followed by n-pentane. 	Attempts to recrystallise the solid 
from ref luxing solvents such as ethanol and ethyl acetate 
resulted in decomposition. 	Purification was carried out by 
dissolving the solid in a small volume of chloroform (3 ml) 
and adding n-pentane (6 ml). 	After standing overnight 4- 
methylhexa-3 ,5-dien-2-one 2 ,4-dinitrophenylhydrazone was isolated 
as bright red needles (123 mg, 42%) m.p. 159-160°C (Found: 
C, 53.8; H, 4.9; N, 19.2. 	C13H14N404 requires C, 53.8; 
H, 4.9; 19.3%). 	Spectral data see appendix 1.4. 
2.2 	4-Methylhepta-3 ,5-dien-2-one with 2, 4-dinitrophenyl- 
hydrazine 
A similar reaction between 2,4-dinitrophenylhydrazine 
(300 mg, 1.5 mmol) and 4-methylhepta-3,5-dien-2-one (124 mg, 
1 mmol) gave 4-methylhepta-3, 5-dien-2-one 2, 4-dinitrophenyl-
hydrazone as a red solid (225 mg, 74%) which was recrystallized 
from a chloroform/n-pentane solvent mixture, m.p. 169-170°C 
(Found: C, 55.5; H, 5.2; N, 18.4. 	C14H16N404 requires 
C, 55.3; H, 5.3; N, 18.4%) . Spectral data see appendix 1.5. 
2.3 	4-Methylhexa-3 ,5-dien-2--one with 4-nitrophenyihydrazine 
A similar reaction gave 4-methylhex-3,5-dien-2-one-4-
nitropheny1hydrazone as an orange solid (85 mg, 35%) which was 
recrystallized from a chloroform/n-pentane solvent mixture 
m.p. 135-1360C 	(Found: M, 245.117089 C13H15N302 requires 
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m/e, 245.116419) spectral data see appendix 2.5. 
2.4 2-Styryl-1-cyclopentene-1-carboxaldehyde with p-toluene-
sulphonylhydraz ide 
2-Styryl-1-cyclopentene-1-carboxaldehyde (2.25 g, 11.4 
inrnol) and p-toluenesulphonylhydrazide (2.12 g, 11.4 irimol) were 
dissolved separately in ethanol (20 ml) and warmed to 35°C. 
These two solutions were then mixed and concentrated hydro- 
chloric acid (1 drop) was added. 	On cooling a white solid 
was deposited which was recrystallized from ethanol to give 
2-styryl-1-cyclopentene-1-carboxaldehyde tosyihydrazone as 
white needles (2.43 g, 58%) m.p. 1470C 	(Found: C, 68.6; 
H, 6.2; N, 7.5. 	C21H23N202S requires C, 68.8; H, 6.05; 
N, 7.6%) Spectral data see appendix 1.9. 
2.5 2-Styryl-1-cyclohexene-1-carboxaldehyde with p-toluene-
suiphony ihydrazide 
2-Styryl-1-cyclohexene-1-carboxaldehyde (10.0 g, 47.2 umiol) 
and p-toluenesulphonylhydrazide (8.78 g, 47.2 mmol) were 
dissolved separately in ethanol (100 ml) and warmed to 35°C. 
These two solutions were then mixed and concentrated hydro- 
chloric acid (0.5 ml) was added. 	On cooling a white precipitate 
was deposited (9.59 g) and concentration of the mother liquors 
followed by purification by medium pressure chromatography 
(silica, petrol 40/60 : methylene chloride : ether, 2:2:1) 
yielded a further 6.81 g. 	Recrystallization of this white solid 
from ethanol gave 2-styryl-1-cyclohexene-1-carboxaldehyde 
tosyihydrazone as white needles (16.4 g, 92%) m.p. 125-126 0C 
(Found: C, 69.2; H, 6.2; N, 7.1 	C22H24N202S requires 
C, 69.4; H, 6.4; N, 7.4%) Spectral data see appendix 1.10. 
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2.6 4-Methyl-6-phenylhexa-3,5-dien-2-one p-tosylhydrazone 
Sample provided by Dr.J.T.Sharp. 
3. 	Attempted acid-catalysed cyclisations of hydrazones of 
ci43,y -unsaturated carbonyl compounds 
3.1 Control experiments 
A number of experiments were performed to establish the 
effectiveness of the cyclising reaction conditions. 	Thus a 
range of tosyihydrazones were successfully cyclised to the 
corresponding tosyldiazepines by using various acidic conditions, 
the results are summarised in the table below. 
p-Tosylhydrazone Conditions 
5-Methylocta-4,6-dien-3- H/EtOH and CF3CO2H/benzene 
one 
2,5-Dimethylocta-4,6-dien H/EtOH and CF3CO2H/benzene 
-3-one 
2-Propenyl-1-cyclopentene H/EtOH and CF3CO2H/benzene 
-1 -carboxaldehyde 
2-Propenyl-1 -cyclohexene- CF3CO2H/benzene 
1 -carboxaldehyde 
3.2 Experiments 
The following hydrazones failed to cyclise despite reaction 
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3.2 continued; Table of experimental conditions 
Hydrazone Conditions Result 
4-Methylhex-3,5- H+/EtOH, CF3CO2H/benzene No reaction, 
dien-2-one 2,4- recovered 
dinitrophenyl- starting material 
hydrazone 
4-Methylhepta-3,5- H+/EtOH, CF3CO2H/benzene No reaction, 
dien-2-one 2,4- recovered 
dinitrophenyl- starting material 
hydrazone 
4-Methylhexa-3,5- H+/EtOH, CF3CO2H/benzene No reaction, 
dien-2-one 4- recovered 
nitrophenyl- starting material 
hydrazone 
-Styryl-1-cyclo- CF3CO2H/benzene No reaction, 
pentene- 1- carbox- recovered 
aldehyde p-tosyl- starting material 
hydrazone 
2-Styryl-1-cyclohexene CF3CO2H/benzene No reaction, 
- 1-carboxaldehyde recovered 
p-tosylhydrazone starting material 
4-Methyl-6-phenylhex- CF3CO2H/benzene Starting material 
3,5-dien-2-one p- consumed, extensi 
tosylhydrazone decomposition 




under proven, effective CF3CO2H/benzene conditions. 	Treatment 
with very high concentrations of acid resulted in decomposition, 
presumably by polymerisation pathways. 	The results of the 
attempted cyclisations are summarised in the table below. 
4. 	Anomalous reactivity of 4,6-diphenylhexa-3,5-dien-2-one 
Despite using a variety of substituted hydrazines and a 
range of mild, gentle acidic conditions, hydrazone derivatives 
of this ketone could not be obtained. 	The reaction conditions 
examined are summarised in the table below. 
Substituted hydrazine Conditions 
p-Toluenesulphonylhydrazide H/EtOH at room temperature 
H/EtOH at 0°C 
Without acid/EtOH, room temp 
2, 4-Dinitrophenylhydrazine Vogel method 
Benzoyl hydrazide H/EtOH, room temperature 
T.l.c. inspection of all reactions showed the loss of the 
starting material. 	Chromatography (both alumina and silica, 
eluant; petrol 40/60 with increasing amounts of ether) yielded 
only small recoveries of unidentified material. 	Most of the 
material was irreversibly adsorbed on the stationary phase. 
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5. 	Reaction of 3,4-dihydro-5,7-dimethyl-2-tosyl-1 ,2- 
diazepine with lithium diisopropylamide followed b 
treatment with methyl iodide. 
To a solution of lithium diisopropylamide [4.4 mmol 
prepared from diisopropylamine (0.62 ml, 444 mg, 4.4 mmol) and 
n-butyl lithium (3 ml of a 1.6N solution in hexane) stirred at 
0°C for 30 min] and dry tetramethylethylenediamine (0.72 ml, 
4.4 mmol) cooled to -78°C was added the tosyl diazepine (556 mg, 
2 mmol) dissolved in dry tetrahydrofuran (10 ml) with vigorous 
stirring. 	On addition of the tosyl diazepine the solution 
was observed to turn orange. 	The solution was allowed to warm 
slowly to 0°C and stirred for a further 30 mm, methyl iodide 
(3 ml, large excess) was then added. 	After stirring for 2 h 
at room temperature the mixture was quenched with ice-cold water 
(20 ml), neutralised with dilute hydrochloric acid and extracted 
with dichloromethane. 	The organic phase was dried over MgSO4  
and the solvent evaporated under reduced pressure to give a 
brown oil. 	This oil was separated by medium pressure chromato- 
graphy (silica, ether : petrol 40/60, 1:1) to give 4-methyihexa-
3,5-dien-2-one N-methyltosylhydrazone as a white solid (294 mg, 
50%) which was recrystallised from an ether/petrol 40/60 solvent 
mixture m.p.98-1000C 	(Found: C, 61.9; H, 6.8; N, 9.8. 
C15H20N202S requires C, 61.7; H, 6.9; N, 9.6%) spectral data 
see appendix 1.11. 	Unreacted tosyl diazepine (63 mg, 11%) 
was also isolated from the separated reaction product. 
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E. 	Synthesis of 1,2-diazepines 
1. 	2, 3-Benzodiazepines 
1.1  4-Phenyl-lII-2 , 3-benzodiazepine 
To a solution of sodium ethoxide, prepared from sodium 
(0.586 g, 25.5 mmol) dissolved in "super-dry" ethanol (50 ml) 
was added E-2-formystilbene tosyihydrazone (10 g, 26.6 mmol). 
The mixture was stirred for 30 mm, then the solvent was 
removed on a pre-dried rotary evaporator. 	The residual 
sodium salt was dried overnight in the reaction flask, under 
high vacuum over phosphorus pentoxide. 	Dry d.m.e. (150 ml) 
was then added and the mixture heated to ref lux for 30 min when 
t.l.c. (alumina, eluant ether:petrol 40/60 1:1) showed no 
starting material remaining. 	After cooling, the solution was 
filtered through celite and the precipitate washed thoroughly 
with d.m.e. 	The solvent was then evaporated under reduced 
pressure to give a red solid. 	This was purified by gravity 
column chromatography (alumina, eluant 10% ether in petrol 40/60) 
followed by recrystallization from ethanol to give the 1H-
benzodiazepine (3.65, 64%) as yellow crystals m.p.130-1320C 
(lit., 
6
132-133 ). 	cS 3.02 (d, J 9Hz, axial methylene, 6.35 
(d, J 9Hz, equatorial methylene), 6.98 (s, 5-H), 7.1-8.1 (m, 
9H, aromatic). 
	
1.2 	1-Methyl-4-phenyl-1H-2 ,3-benzodiazepine 
Sample kindly provided by Dr. J.T.Sharp. 
1.3 	1,2,3 ,3a-Tetrahydro-10-phenylbenzo- [c]cyclopenta[f]- 
[1 ,2]diazepine 
Sample kindly provided by Dr. J.T.Sharp. 
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2. 	1,2-Diazepines 
These were prepared by the method of Sharp et al.34  
The general method was to heat the 3,4-dihydro-2-tosyl-1,2-
diazepine with a two-fold molar excess of sodium ethoxide in 
dry toluene. 	At ca.1000C precipitation of sodium p-toluene- 
suiphinate occurred, and heating was continued until t.l.c. 
showed that all the starting material had been consumed. The 
mixture was then filtered, washed with water, dried, and the 
solvent evaporated under reduced pressure to leave the crude 
product which was then purified by chromatography followed by 
distillation or recrystallisation. 
2.1 	3,5-Dimethyl-3H-1 ,2-diazepine and 5,7-dimethyl-311- 
1 , 2-diazepine. 
2.1.1 Synthesis 
Sodium (1.66 g, 72 mmol) was dissolved in "super-dry" 
ethanol (100 ml) and 5,7-dimethyl-3,4-dihydro-2-tosyl-1,2- 
diazepine (10.0 g, 36 mmol) added. 	The ethanol was removed 
on a dry rotary evaporator with bath temperature not exceeding 
35 0C. 	The residual salt was dried in the flask, at ca.0.1 
mmHg in a disiccator over phosphorus pentoxide overnight. 
Dry toluene (200 ml) was then added and the mixture boiled 
under ref lux for 15 mm. 	The precipitate of sodium p-toluene- 
suiphinate was filtered off and the filtrate washed with water 
(2x100 ml), dried, and the solvent removed under reduced 
pressure to leave a yellow oil. 	The last traces of toluene 
were removed by gravity column chromatography(Alumina, ether: 
petrol 40/60, 1:4) and the resultant oil was distilled to give 
a yellow liquid (3.1 g, 70%), b.p. 85°C at 16 mmHg (lit., 34 
223 
80°c at 12 mmHg) which consisted of a mixture of 5,7-dimethyl-
3H-1,2-diazepine and 3,5-dimethyl-3H-1 ,2-diazepine. '3H 
Dimethyl isomer; 5.94 br (s, 6-H), 5.77 (d of d, J geminal 
8.5Hz, J vicinal 7.5Hz, 3-H, quasi equatorial), 5.13 br (t, 
J ca.7-8Hz, 4-H), 2.38 br (s, 7-Me), 1.95 (m, 5-Me) superimposed 
on 1.8-2.2 (m, 3-H quasi axial), 3,5-dimethyl isomer; 8.1 (d, 
J 9Hz, 7-H) , 6.08 (d, J 9Hz, 6-H) , 5.0 br (d, J 8Hz, 4-H) 
the absorptions for 5-Me, 3-Me, and 3-H are all under the 
1.8-2.2 multiplet. 	H.p.l.c. analysis (25x0.5 cm, 5 pm silica, 
10,700 plates) with the column at 0°C and using a mixture of 
dry diethyl ether (10% vol) and 50% water-saturated hexane (90% 
vol) as eluant at a flow rate of 2.5 ml min- 1 gave the 5,7-
dimethyl to 3,5-dimethyl isomer ratio of 85:15. 
2.1.2 Isomerisation study 
The isomers were separated using the column conditions 
described above using 2 Ti injections of a ca.0.05 molar 
solution of the mixture. 	About 0.5-1 ml of the eluant was 
collected in a sample vial around each peak maximum and the 
vials were closed with Suba-seals and immediately cooled to 
-80 0  C. 	H.p.l.c. analysis of the solutions kept at -80 0C for 
3 h showed greater than 90% isomeric purity. 	The solutions of 
each isomer were then kept at room temperature for 1 h when 
h.p.l.c. analysis showed that the isomer ratio had returned to 
the 85:15 ratio. 
2.1.3 Deuterium incorporation stud 
An n.m.r. sample of the mixture of the two isomeric 
diazepines (133 mg, 1.1 mmol) in deuteriochioroform was prepared. 
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A molar equivalent of deuteromethanol (36 mg, 1.03 mmol) was 
added and the 'H n.m.r. spectrum run at t = 5 and 40 min after 
the addition. 	No deuterium incorporation was observed, the 
deuteromethanol was increased to five fold excess (182 mg, 
5.06 mmol) and the 'H n.m.r. spectrum run after 24 h. 	This 
still showed no incorporation. 
2.1.4 Photolysis study 
The mixture of the two isomeric diazepines (0.50 g, 4.1 
mmol) dissolved in acetonitrile (175 ml) were irradiated for 
30 min with a Hanovia 100W medium-pressure lamp to give 4,6a-
dihydro-1,6-dimethyl[1,2]diazeto[1,4-a]pyrrole (0.466 g, 93%) 
after removal of solvent. 	Distillation accompanied by losses 
by polymerisation, gave the product as a pale yellow oil (0.25 
g, 	50%), b.p. 85°C at 50 mmHg (lit., 85°C at 50 mmHg) 6 H 
1.82 (m, 6-Me), 2.00 (s, 1-Me), 3.83 br (s, 4-CH2) , 5.11 (m, 
5-H), and 5.35 (m, 6a-H). 
Monitoring of the reaction by h.p.l.c. [15 x 0.5 cm, 
Spherisorb S5Y silica at 0 0  C using a mixture (1:9 v/v) of dry 
ether and 50% v/v water-saturated hexane as eluant at a flow 
rate of 2.5 ml min- 1 ] showed that the ratio of the 5,7-dimethyl 
to 3,5-dimethyl isomer remained at ca. 6:1 throughout as they 
were consumed but only a single product peak was detected 
although a variety of solvent combinations were used as eluant 
(eg 100% ether and mixtures of hexane and dioxan ranging from 
1:3 to 1:1). 
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2.2 3,5-Dimethyl-7-ethyl-3H-1 ,2-diazepine and 5,7-dimethyl-
3-ethyl-3H-1 , 2-diazepine 
2.2.1 Synthesis 
A similar reaction (5 mm) of 3,4-dihydro-7-ethyl-3,5-
dimethyl-2-tosyl-1,2-diazepine (2.52 g, 8.24 mmol) gave after 
distillation a yellow oil (1.09 g, 88%) b.p. 1000C at 10 mmHg 
(lit., 
34 
 94-96°C at 10 mmHg) which consisted of a mixture of 
the two isomeric diazepines; 3,5-dimethyl-7-ethyl and 5,7- 
dimethyl-3-ethyl-3H-1 ,2-diazepines. 	Spectral data see 
appendix 3.1. 
H.p.l.c. analysis (25x0.5 cm, 5 pm silica, 10,700 plates) 
with the column at 0 0  C and using a mixture of dry diethyl 
ether (4 vol %) at 50% water-saturated hexane (96%) as eluant 
at a flow rate of 2.0 ml min -1  gave a peak ratio of 51:49 
which compares with the 3,5-dimethyl-7-ethyl to 5,7-dimethyl-
3-ethyl isomer ratio of 52:48 obtained from the integral of 
the 360MHz proton n.m.r. spectrum. 
2.2.2 Isomerisation study 
The isomers were separated using the column conditions 
described above using 2 p1 injections of a ca.0.05 molar 
solution of the mixture. 	About 1 ml of the eluant was collected 
in a sample vial around each peak maximum and the vials were 
closed with Suba-seals and immediately cooled to -80°C. 
H.p.1.c. analysis of the solutions kept at -80°C for 3 h 
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showed greater than 90% isomeric purity. 	The solutions of 
each isomer were then kept at room temperature for 1 h when 
h.p.l.c. analysis showed that the isomer ratio had returned 
to 52:48. 
2.3 	3,5-Dimethyl-7-isopropyl-3H-1 ,2-diazepine and 5,7- 
dimethyl-3-isopropyl-3H-1 ,2-diazepine 
A similar reaction (5 mm) of 3,4-dihydro-3,5-dimethyl-
7-isopropyl-2-tosyl-1,2-diazepine (0.670 g, 2.1 mmol) gave 
after distillation a yellow oil (0.256 g, 74%) b.p. 900C at 
0.2 mmHg which consisted of a mixture of the two isomeric 
diazepines 	(Found: M, 164.130303 	C10H16N2 requires m/e, 
164.131342) spectral data see appendix 3.2. 
H.p.l.c. analysis (25x0.5 cm, 5 pm silica, 10,700 plates) 
with the column at 0 0  C and using a variety of solvent combina-
tions (mixtures of dry diethyl ether, 0 to 5% volume in 0.5% 
increments, and 50% water-saturated hexane, 95 to 100% volume) 
did not resolve the two isomer components, only a single product 
peak was detected. 	Measurement of the column efficiency 
using this product peak showed a considerable loss of theore-
tical plates, suggesting that some separation on the column 
must have been taking place. 
The 3,5-dimethyl--7-isopropyl to 5,7-dimethyl-3-isopropyl 
isomer ratio was calculated as 34:66 from the integral of the 
360MHz proton nm.r. spectrum of the mixture. 
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2.4 	3,5-Dimethyl--7-phenethyl-3H-1 ,2-diazepine and 5,7- 
dimethyl-3-phenethyl-3H--1 ,2-diazepine 
A similar reaction (5 mm) of 3,4-dihydro-3,5-dimethyl-
7-phenethyl-2-tosyl-1,2-diazepine (3.15 g, 8.25 rnmol) gave 
after distillation a yellow oil (1.73 g, 93%) b.p.1500C at 
0.01 mmHg 	(Found: C, 79.7; H, 8.1; N, 12.3. 	C15H18N2  
requires C, 79.7; H, 8.0; N, 12.4) which consisted of a 
mixture of the two isomeric diazepines 	(Found: M+,  226.146231 
C15H18N2 requires 226.146991) spectral data see appendix 3.3. 
The mixture of the two isomeric diazepines was subjected 
to extensive analysis by h.p.l.c. using a variety of column 
packings and solvent combinations. 	The conditions examined 
are summarised in the following table. 
No resolution of the two isomers was achieved. 	However 
measurement of the column efficiency using the peak obtained, 
indicated that in a number of cases a loss of theoretical 
plates. 	This suggested that some separation on the column 
must have been taking place. 	All h.p.l.c. conditions 
examined successfully resolved the dimethyl substituted 
diazepine mixture. 
The 3, 5-dimethyl-7-phenethyl to 5, 7-dimethyl-3-phenethyl 
isomer ratio was calculated as 49:51 from the integral of 
the 360MHz proton n.m.r. spectrum. 
2.5 	3 , 5, 7-Trimethyl-3H-1 ,2-diazepine 
A similar reaction (15 mm) of 3,4-dihydro-3,5,7-tri-
methyl-2-tosyl-1,2-diazepine (5.83 g, 20 mmol) gave the crude 
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chromatography (alumina, ether:petrol 40/60, 1:9) to remove 
the last traces of toluene, and followed by distillation to 
give 3,5,7-trimethyl-3Z1-1,2-diazepine as a yellow oil (2.2 g, 
81%), b.p.78-800C at 12 mmHg (lit., 34 75-78°C at 10 mmHg) 
1.73 br (quintet, J 6Hz, 3-H) , 1.94 (m, 5-Me) , 1.99 (d, 
J 6Hz, 3-Me) , 2.36 (s, 7-Me) , 4.88 br (d, J 5Hz, 4-H) , 5.92 
br 	(s, 6-H), 	6 c 	C-3, 70.9; C-4 and C-6, 117.4, 118.1; 
C-5, 135.9; C-7, 154.5; 3-Me, 5-Me and 7-Me, 21.0, 20.4, 
18.5. 
2.6 	3, 5-Dimethyl-7-phenyl-3H-1 , 2-diazepine 
A similar reaction (5 mm) of 3,4-dihydro-3,5-dimethyl-
7-phenyl-2-tosyl-1,2-diazepine (2.27 g, 6.41 mmol) gave after 
distillation 3,5-dimethyl-7-phenyl-3H-1,2-diazepine as a yellow 
oil (1.07 g, 84%) b.p. 145°C at 0.2 mmHg. 	This was re- 
crystallised at ca. -30°C from light petroleum as yellow 
prisms, m.p. 45-460C (Found: C, 79.0; H, 7.2; N, 14.0 
C13H14N2 requires C, 78.8; H, 7.1; N, 14.1%) spectral data 
see appendix 3.4. 
2.7 5-Methyl-7-phenyl-3H-1,2-diazepine 
Sample (prepared to C.D. Anderson) provided by 
Dr. J.T.Sharp. 
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F. 	Conversion of 1,2-diazepines into diiron hexacarbonvl 
complexes 
The complexes were prepared by stirring a solution of the 
diazepine under nitrogen in dry degassed benzene with a two- 
fold excess of diiron nonacarbonyl for 24 h. 	The resulting 
residue was chromatographed on alumina to give the complex in 
moderate yield as air stable crystalline solids. 
1. 	4-Phenyl-1H-2, 3-benzodiazepine 
4-Phenyl-1B-2,3-benzodiazepine (1.5 g, 6.8 rnmol) was 
dissolved in dry, degassed benzene (20 ml) and diiron nonacar- 
bonyl (5.0 g, 13.7 mmol) was added. 	The suspension was 
stirred in the dark under nitrogen at room temperature for 
24 h. 	Inspection by t.l.c. (alumina, ether:petrol 40/60, 1:1) 
showed all the starting material to be consumed. 	The reaction 
mixture was filtered through celite and the precipitate washed 
thoroughly with benzene. 	Removal of the solvent under reduced 
pressure gave a red oil. 	This was separated by gravity column 
chromatography (alumina, petrol 40/60) to give 4-phenyl-1H-2,3-
benzodiazepine diiron hexacarbonyl complex as a red solid 
(1.18 g, 53%) which was recrystallised from n-hexane, m.p.158- 
1620C (decomposes) 	(Found: C, 50.5; H, 2.4; N, 5.7 
C21H12N2O6Fe2 requires C, 50.4; H, 2.4; N, 5.6%) 	umax (chloro- 
form solution)'  2000 cm' intense multiplet (terminal C=O) 
Spectral data see appendix 4.1. 
2• 	1-Methyl-4-phenyl-1fI-2 ,3-benzodiazepine 
A similar reaction (12 h) of 1-methyl-4-phenyl-1R-2,3-
benzodiazepine (317 mg, 1.35 romol) gave after chromatography 
a red solid which was recrystallised from n-hexane to give 
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1-methyl-4-phenyl-1H-2, 3-benzodiazepine diiron hexacarbonyl 
complex as red needles (406 mg, 58%) m.p.165-1680C (decomposes) 
(Found: C, 51.7; H, 2.7; N, 5.6. 	C22H14N2O6Fe2 requires 
C, 	51.4; H, 2.7; N, 5.5%) 	v max  (chloroform solution) 'u2O0O 




A similar reaction (24 h) of 1,2,3,3a-tetrahydro-10-
phenylbenzo-[c] cyclopenta[f] [1,2] diazepine diiron hexacarbonyl 
(192 mg, 0.74 mmol) gave after chromatography 1,2,3,3a-tetra-
hydro-10-phenylbenzo-[c] cyclopenta[f] [1 ,2]diazepine diiron 
hexacarbonyl complex as a red solid (229 mg, 57%) which was 
recrystallised from n-pentane, m.p. 164-166°C. 	(Found: 
C, 53.2; H, 3.0; N, 5.0 	C24H16N2O6Fe2 requires C, 53.4; 
H, 	3.0; N, 5.2%) v max 	 '\ (chloroform solution) 	2000 cm 1 
intense multiplet (terminal C=O) . 	Spectral data see appendix 
4.3. 
5-Methyl-7--phenyl-3H-1 ,2-diazepine 
A similar reaction (24 h) of 5-methyl-7-phenyl-3H-1,2-
diazepine (786 mg, 2.16 mrriol) gave after chromatography 5-
methyl-7-phenyl-3H-1,2-diazepine diiron hexacarbonyl as a red 
solid (141 mg, 28%) which was recrystallised from n-pentane as 
red needles, m.p. 119-120°C (Found: C, 46.7; H, 2.6; N, 6.1 
C18H12N2O6Fe2 requires C, 46.6; H, 2.6; N, 6.0%) , j max 
(chloroform solution) 	2000 cm 1 intense multiplet (terminal 
C=O) . 	Spectral data see appendix 4.4. 
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5. 	3,5-Dimethyl-3J1-1,2-diazepine and 5,7-dimethyl-3H-1,2- 
diazepine 
5.1 Reaction with diiron nonacarbonvl 
A mixture of the two isomeric diazepines (1.5 g, 12.3 
mmol), ratio of 3,5-dimethyl to 5,7-dimethyl isomer of 15:85, 
was dissolved in dry benzene (30 ml) and diiron nonacarbonyl 
(8.96 g, 24.6 mmol) added. 	The suspension was stirred in the 
dark under nitrogen at room temperature for 24 h. Inspection 
by t.l.c. (alumina, ether:petrol 40/60; 1:1) showed all the 
starting material to be consumed and the emergence of fast 
moving product spot (red). 	The reaction mixture was filtered 
through celite and the fine precipitate washed thoroughly with 
benzene. 	Removal of the solvent under reduced pressure gave 
a red oil. 	This was separated by gravity column chromatography 
(alumina, petrol 40/60) to give a red solid, which was re-
crystallised from n-hexane to give 5,7-dimethyl--3H-1,2- 
diazepine diiron hexacarbonyl complex as red prisms (1.51 g, 
31%) m.p. 122-1230C (Found: C, 38.7; H, 2.4; N, 6.7 
C13H10N2O6Fe2 requires C, 38.8; H, 2.5; N, 7.0%) 
"umax  (chloro-
form solution) ri2000 cm 1 intense multiplet (terminal C=O). 
Spectral data see appendix 4.5. 	No signals of the other possible 
isomer in the 1H and ' 3C n.m.r. spectra were detected. 	In 
view of this anomaly the reaction was repeated and the crude 
product (both before and after chromatography) was examined 
very carefully by both n.m.r. spectroscopy and h.p.l.c., but 
no evidence of the other possible isomer was found. 	The 




25x0.5 cm, 	5m SiO2, 	10,700 plates Water-saturated hexane/dry 
hexane mixtures ranging 
15x0.5 cm,lOpm A103, 	4,100 plates from 1:1 	to 0:1 
25x0.5 cm,lOpm reverse phase OOS, Methanol/water mixtures 
8,100 plates ranging from 7:3 to 9:1 
5.2 Reaction with benzylideneacetone iron tricarbonvi 
A mixture of the two isomeric diazepines (200 mg, 1.6 
mmol) and benzylideneacetone iron tricarbonyl (500 mg, 1.7 
mmol) were dissolved in dry degassed benzene (20 ml) . 	The 
solution was heated to 55-600C for 48 h, removal of the solvent 
under reduced pressure and gravity chromatography of the 
residue on alumina (eluant; petrol 40/60) afforded 5,7-
dimethyl-3H-1,2-diazepine diiron hexacarbonyl complex (206 mg, 
64%, based on benzylideneacetone iron tricarbonyl) 
5.3 Thermolysis study 
5 ,7-Dimethyl-3H-1 ,2-diazepine diiron hexacarbonyl was 
heated in dry organic solvents and the reaction monitored by 
h.p.l.c. (for conditions see 5.1) and n.m.r. spectroscopy, no 
isomerisation to the other possible isomer by a thermal 1,5- 
sigmatropic shift was detected. 	The thermolysis conditions 
are summarised in the table below. 
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Solvent Temperature Time interval 
toluene 90 0 1.5 h 
toluene 110°C 	(ref lux) 0.5 h 
toluene 1100C 	(ref lux) 2.0 h 
xylene 150°C 2.0 h 	(extensive 
decomposition) 
6. 	3,5-Dimethyl-7-ethyl-3H-1 ,2-diazepine and 5,7-dimethyl- 
3-ethvl-3H-1 ,2-diazepine 
A mixture of the two isomeric diazepines (1.01 g, 6.73 
mmol), ratio of 3,5-dimethyl-7-ethyl to 5,7-dimethyl-3-ethyl 
isomer ratio of 51:49, was dissolved in dry benzene (20 ml) 
and diiron nonacarbonyl (4.89 g, 13.5 rnmol) added. 	The 
suspension was stirred in the dark under nitrogen at room 
temperature for 24 h. 	The usual work-up gave a red oil, which 
when separated by gravity column chromatography (alumina, petrol 
40/60) gave a red solid. 	Recrystallisation of this solid from 
n-pentane gave red needles which were identified as the two 
isomeric complexes; 3, 5-dimethyl--7-ethyl-3H-1 ,2-diazepines 
diiron hexacarbonyl and 5, 7-dimethyl-3-ethyl-3H-1 ,2-diazepine 
diiron hexacarbonyl complexes, (1.34 g, 46%), m.p. 72-73°C 
(Found: C, 42.0; H, 3.2; N, 6.5 	C15H14N2O6Fe2 requires 
C, 	41.9; H, 3.3; N, 6.5%) v max  (chloroform solution) '2000 
cm' intense multiplet (terminal C=O). Spectral data see appendix 
4.6. The ratio of 3,5-dimethyl-7-ethyl to 5,7-dimethyl-3-ethyl 
isomer ratio was calculated as 60:40 from the integral of the 
361'4Hz proton n.m.r. spectrum, and from the 13C n.m.r. spectrum 
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peak height (assuming that corresponding C-atoms in each 
isomer would have very similar relaxation times and nuclear 
Overhauser effects) 
The isomer mixture was extensively examined by h.p.l.c. 
but no resolution of the components was obtained. 	The h.p.l.c. 
conditions examined are summarised in the table below. 
Column Eluant 
25x0.5cm, 	5pm SiO2, 	10,700 platesi Water-saturated hexane/dry 
hexane mixtures ranging from 
15x0.5cm,101jm A10 3F 	4,100 platesj 1:1 to 0.1 	(totally activated 
column) 
25x0.5cm, 10pm reverse phase ODS, methanol/water mixtures 
8,100 plates ranging from 7:3 to 9:1 
7. 	3,5-Dimethyl-7-isopropyl-3J1-1,2-diazepine and 5,7-dimethyl- 
3-isopropyl-3J1-1 , 2-diazepine 
A mixture of the two diazepines (165 mg, 1.0 mmol), ratio 
of 3,5-dimethyl-7-isopropyl to 5,7-dimethyl-3-isopropyl isomer 
ratio of 34:66, was dissolved in dry benzene (10 ml) and diiron 
nonacarbonyl (0.730 g,2.0 inmol) added. 	The suspension was 
stirred in the dark under nitrogen at room temperature for 48 
h. 	The usual work-up gave a red oil, which when separated by 
gravity column chromatography (alumina, petrol 40/60) gave a 
red solid. 	Recrystallisation of this solid from n-pentane 
gave red needles which were identified as the two isomeric 
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complexes; 3, 5-dimethyl--7-isopropyl-3H-1 ,2-diazepine diiron 
hexacarbonyl and 5,7-dimethyl-3-isopropyl-3H-1,2-diazepine 
diiron hexacarbonyl (253 mg, 57), m.p. 64-65 0C (Found: 
C, 43.2; H, 3.7; N, 6.3 	C16H16N2O6Fe2 requires C, 43.3; 
H, 	3.6; N, 6.3%) v max  (chloroform solution) 	2000 cm 1  
intense multiplet (terminal C=O). 	Spectral data see appendix 
4.7. 	The ratio of 3,5-dimethyl-7-isopropyl to 5,7-dimethyl- 
3-isopropyl isomer ratio was calculated as 88:12 from the 
integral of the 360MHz proton n.m.r. spectrum and from the 
peak heights in the ' 3C n.m.r. spectrum (assuming that corres-
ponding C-atoms in each complex will have very similar 
relaxation times and nuclear Overhauser effects) 
The isomer mixture was extensively examined by h.p.l.c. but 
no resolution of the components was obtained, although 
significant peak broadening was observed. 	The h.p.l.c. con- 
ditions examined are summarised in the table below. 
Column Eluant 
25x0.5cm, 	5pm SiO2, 10,700 plates Water-saturated hexane/dry 
hexane mixtures from 1:1 to 
15x0.5cm, 	10pm A10 3f 	4,100 plates 
0.1 	(totally activate column) 
25x0.5cm, 10pm reverse phase ODS, methanol/water mixture 
8,100 plates ranging from 7:3 to 9:1 
8. 	3, 5-Dimethyl-7-phenethyl-3H-1 ,2-diazepine and 5 ,7-dimethyl- 
3-phenethyl-311-1 ,2-diazepine 
8.1 Synthesis 
A mixture of the two isomeric diazepines (600 mg, 2.65 
mmol), ratio of 3,5-dimethyl-7-phenethyl to 5,7-dimethyl-3-
phenethyl isomer ratio of 49:51, was stirred in dry benzene 
(20 ml) with diiron nonacarbonyl (1.57 g, 4.3 mmol) for 7 days. 
The usual work-up gave a red oil, which was purified by gravity 
chromatography (alumina, eluant petrol 40/60) to give a red 
solid. 	Recrystallisation from n-hexane gave a mixture of the 
two isomeric complexes, 3,5-dimethyl-7-phenethyl-3H-1,2-
diazepine and 5,7-dimethyl-3-phenethyl-3H-1 ,2-diazepine diiron 
hexacarbonyl complex, as red needles (0.514 g, 38%), m.p. 64- 
65°C 	(Found: C, 49.6; H, 3.6; N, 5.5 	C21H18N2Fe2O6  
requires C, 49.8; H, 3.6; N, 5.5%) 	V max (chloroform solution) 
%2000 cm' intense multiplet (terminal C=O), spectral data see 
appendix 4.8. 
8.2 H.p.l.c. separation 
H.p.l.c. analysis (25x0.5 cm, 5 pm SiO2, 10,700 plates) 
using 50% water-saturated hexane as eluant at a flow rate of 
2.5 ml mm', successfully resolved the two components and 
gave the 3,5-dimethyl-7-phenethyl-3H-1,2-diazepine to 5,7-
dimethyl-3-phenethyl-3H-1 ,2-diazepine diiron hexacarbonyl 
complex isomer ratio as 72:28. 
The isomers were separated preparatively on a small scale 
with a larger column (25x0.7 cm, 5 pm SiO2, '9,000 plates, 
3.5 ml mm' flow rate) using 5 pk injections of a ca.0.2 molar 
solution of the mixture. 	25 Injections enabled 6 mg of the 
3,5-dimethyl-7-phenethyl and 2 mg of the 5,7-dimethyl-3--- 
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phenethyl to be isolated. 	Proton n.m.r. spectra were 
successfully obtained using a 360MHz instrument. 
8.3 Therruolysis Study 
3 ,5-Dimethyl--7-phenethyl-3L1-1 ,2-diazepine diiron hexa-
carbonyl complex (1 mg) was dissolved in dry toluene (2 ml) 
and slowly heated to ref lux (110°C). 	Samples were withdrawn 
at various temperatures and analysed by h.p.l.c. (25x0.5 cm, 
5 pm Si02, 10,700 plates), no interconversion to the 5,7- 
dimethyl-7--phenethyl isomer was observed. 	The experiment was 
repeated for the 5,7-dimethyl--7-phenethyl isomer, again no 
interconversion was observed. 	The conditions examined are 
summarised in the following table. 
Thermolysis Conditions H.p.l.c. 	Analysis 
15 mins at 
0 
50 C 
15 mins at 65°C no isomer 
15 mins at 80°C interconversion 
15 mins at 
0 
85 C 
2 h at 110°C decomposition 
occurring 
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G. 	Disengagement of diazepine diircn hexacarbonyl complexes 
4-Phenyl-1H-2 , 3-benzodiazepine diiron hexacarbonyl 
complex 
This was carried out by the method of Shvo et al. 81 
The diiron hexacarbonyl complex (645 mg, 1.29 mmol) was stirred 
in anhydrous benzene (20 ml) with a 20-fold molar excess of 
freshly sublimed trimethylamine N-oxide 
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(1.78 g, 25.8 mmol) 
at room temperature for 12 h. 	Removal of the solvent under 
reduced pressure followed by chromatography (alumina, ether: 
petrol 40/60, 1:9) afforded 4-phenyl-1H-2,3-benzodiazepine (120 
mg, 42%) as a yellow solid, which was recrystallized from 
ethanol, m.p. 130-1320C (lit., 64 132-1330C). 
5, 7-Dimethyl-3H-1 ,2-diazepine diiron hexacarbonyl complex 
The diiron hexacarbonyl complex (1.51 g, 3.76 mmol) was 
stirred in anhydrous benzene (20 ml) with freshly sublimed 
trimethylamine N-oxide (5.2 g, 75.2 mmol) at room temperature 
for 12 h. 	Removal of the solvent under reduced pressure 
followed by chromatography (alumina, ether:petrol 40/60, 1:1) 
afforded the two isomeric diazepines; 3,5-dimethyl-3H-1,2-
diazepine and 5,7-dimethyl-3H-1,2-diazepine, as a yellow oil 
(0.179 mg, 39%) b.p. 850C at 16 mmHg (lit., 34 80°C at 12 mmHg). 
H.p.l.c. analysis with the column at 0 0  C and using a mixture 
of diethyl ether (10% vol) and 50% water-saturated hexane (90% 
vol) as eluant at a flow rate of 2.5 ml mm' gave the 3,5-dimethyl 
to 5,7-dimethyl isomer ratio of 15:85. 
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H. 	Oxidation of Diazepines 
4-Phenvl-1H-2 3-benzodiazetine 
4-Phenyl-1H-2,3-benzodiazepine (0.50 g, 2.3 mmol) was 
dissolved in dry methylene chloride (20 ml) and a solution of 
m-chloro-perbenzoic acid (85%, 0.42 g, 2.3 mmol) in methylene 
chloride (20 ml) dripped in. 	The reaction was stirred under 
nitrogen, in the dark for 12 h. 	Removal of the solvent under 
reduced pressure gave a yellow solid which was purified by 
chromatography (alumina, petrol 40/60:ether, 1:1) to give 
4-phenyl-1H-2,3-benzodiazepine N-oxide as a yellow solid (0.441 
g, 81%) which was recrystallized from ethanol, m.p. 122-123°  
(Found: C, 76.3; H, 5.2; N, 11.8 	C15H12N20 requires 
C, 76.2; H, 5.2; N, 11.9%) spectral data see appendix 5.1. 
3,5.7-Trimethvl-3f1-1,2-diazepines 
3,5,7-Trimethyl-311-1,2-diazepine (0.50 g, 4.63 mmol) was 
dissolved in dry methylene chloride (20 ml) and a solution of 
m-chloro-perbenzoic acid (85%, 0.85 g, 4.63 mmol) in methylene 
chloride (20 ml) dripped in. 	The reaction was stirred under 
nitrogen, in the dark, at room temperature for 12 h. 	The 
reaction mixture was then washed with sodium bicarbonate 
solution (10%, 20 ml), dried over magnesium sulphate, and the 
solvent removed under reduced pressure to give a yellow oil. 
This oil was then separated by gravity column chromatography 
(alumina, ether:petrol 40/60, 1:1) to give a mixture of 3,5,7-
trimethyl-3R-1 , 2-diazepine N-oxide and 3 ,5-dimethyl-3-propenyl- 
311-pyrazole N-oxide as a pale yellow oil (268 mg, 47%) b.p. 
80°C at 0.1 mmHg 	(Found: M, 152.094738 	C8H12N20 requires 
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m/e, 152.094958) Spectral data see appendix 5.2. 	The ratio 
of diazepine to pyrazole was calculated to be 50:50 from 
n.m.r. integral data. 	Pure samples of each isomer were 
obtained by preparative t.l.c. (alumina, ether:petrol 40/601  
1:1). 	These pure samples isomerised to the equilibrium 
mixture when left standing overnight in chloroform solution 
at room temperature. 	This interconversion could be prevented 
by storing freshly purified samples at below -30°C. 
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1.1 	4-Methy2ia-3, 5-dien-2-one phenylhydraz one 
1.99 (s, Me), 2.23 (s, Me), 5.13 br (d, J 11Hz, 
6-H), 5.32 br (d, J 17Hz, 6-H'), 5.95 br (s, 
3-H), 6.49 (d of d, J 17Hz, J' 11Hz, 5-H) 
6.75-7.5 (m, 5H, phenyl) 
m/e: 39 (42) , 41 (43), 42 (47) , 51 (40) , 65 (60) 
77 (93), 92 (67), 93 (87), 108 (100), 173 (44) 11 







1.2 	5-Methylocta-4 ,6-dien-3-one tosyihydrazone 
0.99 (t, J 7Hz, ethyl Me) , 1.56 hr (s, 5-Me) 
1.81 (d, J 5Hz, 7-Me), 2.24 (q, J 7Hz, ethyl 
CH2) , 2.39 (S, tosyl Me) , 5.37 hr (s, 4-H) 
5.82 (d of q, J 16Hz, J' 5Hz, 7-H) , 6.08 (d, 
J 16Hz, 6-H) , 7.25 and 7.79 (AB, J 8Hz, aromatic) 
7.43 br (s, NH). 
C3, 157.2; aromatic and olefinic, 118.1, 127.8, 
129.0, 129.3, 133.1, 135.7, 142.3, 143.6; 
ethyl CH 21'  30.2; 2-Me, 5-Me, 7-Me and tosyl Me, 
10.5, 14.9, 18.1, 21.4. 
m/e: 	39 (24) , 41 (51) , 53 (15) , 55 (12) , 65 (24) 
77 (21) , 79 (18) , 91 (54) , 107 (22) , 123 (25) 





1.3 2,5-Dimethylocta-4,6-dien-3-one tosylhydrazone 
0.97 (d, J 6Hz, isopropyl Me) , 1.53 (t, J 0.5Hz, 
5-Me), 1.8 (d, J 5Hz, 7-Me) , 2.38 (s, tosyl Me) 
2.41 (heptet, J 6Hz, isopropyl CH) , 5.36 br (s, 
4-H) , 5.83 (d of q, J 15Hz, J' 5Hz, 7-H) , 6.1 
(d, J 15Hz, 6-H), 7.25 and 7.77 (AB, J 8Hz, ArH), 
7.41 hr (s, NH). 
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m/e: 	39 (11) , 41 (28) , 43 (20) , 53 (6) , 55 (8) , 65 
(9) , 77 (11) , 79 (10) , 91 (30) , 95 (12) , 105 (5) 




Me 	NO2  
1.4 4-Methylhexa-3,5-dien-2-one 2,4-dinitrophenylhydrazone 
2.18 (s, 2-Me), 2.22 br (S, 4-Me), 5.27 (d, J 10Hz, 
6-H) , 5.48 (d, J 16Hz, 6-HI), 5.99 br (s, 3-H) 
6.47 (d of d, J 16Hz, J 10Hz, 5-H) , 7.88 (d, J 8Hz, 
o-ArH) , 8.29 (d of d, J 8Hz, J' 2Hz, m-ArH), 9.10 
(d, J 2Hz, m'-ArH), 11.2 br (s, NH). 
m/e: 39 (22) , 41 (35) , 51 (10) , 53 (12) , 65 (13) , 67 
(17), 77 (25), 79 (13), 91 (12), 107 (92), 108 (100), 







1.5 	4-Methylhepta-3 ,5-dien-2-one 2, 4-dinitrophenyihydrazone 
1.88 (d, J 5Hz, 6-Me), 2.19 (s, 2-Me), 2.23 br 
(s, 4-Me) , 5.87 br (s, 3-H) , 5.9-6.3 (m, 2H, 5-H 
and 6-H), 7.89 (d, 3 8Hz, o-ArH), 8.33 (d of d, 
J 8Hz, J' 2Hz, m-ArH), 9.12 (d, 13 2Hz, m'-ArH), 
11.3 br (s, NH). 
m/e: 39 (9), 41 (15), 53 (10), 77 (10), 79 (10), 






1.6 	4-Methylhexa-3 ,5-dien-2-one p-nitrophenylhydrazone 
2.04 (s, 2-Me), 2.19 br (s, 4-Me), 5.19 (d, 
J 10Hz, 6-H), 5.39 (d, J 16Hz, 6-H'), 5.91 br 
(s, 3-H) , 6.42 (d of d, J 16Hz, J' 10Hz, 6-H'), 
7.05 and 8.09 (AB, J 9Hz, ArH), 7.8 br (s, NH). 
m/e: 	39 (15) , 41 (31) , 65 (14) , 67 (15) , 77 (8) 
79 (9) , 92 (9) , 108 (100) , 184 (5) , 198 (7) 





1.65-2.0 and 2.4-2.7 (m, 6H, cyclopentyl ring), 
2.38 (s, tosyl Me), 5.74 (d of q, J 16Hz, J' 
7Hz, CHMe) , 6.44 (d, J 16Hz, CH=CHMe) , 7.24 (d, 
J 6.5Hz, 2H, ArH), 7.7-8.0 (m, 3H, 2 aromatic 
and CH=N), 8.2 br (s, NH). 
m/e: 	39 (29) , 41 (26) , 55 (21) , 65 (38) , 77 (32) 
79 (41) , 91 (100) , 105 (24) , 121 (56) , 132 (34) 




1.8 2-Propenyl-1-cyclohexene--1-carboxaldehyde tosyihydrazone 
1.5-1.75 and 2.1-2.35 (m, 8H, cyclohexyl ring) , 
1.81 (d, J 6Hz, CHMe) , 2.39 (S, tosyl Me) , 2.83 
br (s, NH) , 5.76 (d of q, J 16Hz, J' 6Hz, CHMe) 
6.54 (d, J 16Hz, CH=CHMe) , 7.26 and 7.77 (AB, 
J 8Hz, ArH), 8.21 (s, CH=N). 
m/e: 	39 (25) , 41 (13) , 51 (14) , 63 (15) , 65 (38) 
77 (17) , 79 (16) , 91 (100) , 107 (19) , 119 (19) 
139 (29), 146 (42), 156 (40), 163 (56), 318 (16). 
Ph 
<=N-NH-Ts 
1.9 2-Styryl-1-cyclopentene-1-carboxajdehyde tosyihydrazone 
1.7-2.0 and 2.5-2.8 (m, 6H, cyclopentyl ring) , 
2.33 (s, tosyl Me), 6.51 (d, J 16Hz, 1H, olefinic) 
7.05-7.5 (m, 8H, aromatic + olefinic), 7.82 (d, 
J 8H, ArH), 8.06 (s, CH=N), 8.35 br (s, NH). 
w 
m/e (180°C) 	39 (9), 44 (J0),51 (9), 65 (14), 77 (13), 91 (43), 




1.10 2-Styryl-1-cyclohexe ne-1-carboxaldehyde tosyihydrazone 
1.45-1.8 and 2.2-2.5 (m, 8H, cyclohexyl ring) 
2.37 (s, tosyl Me) , 3.0 br (s, NH) , 6.58 (one 
half an AB system, J 16Hz, olefinic) , 7.1-7.5 
(m, 8H, aromatic plus one olefinic) , 7.79 (one 
half an AB system, J 8Hz, tosyl ArH), 8.42 (s, 
CH=N). 
m/e 	(160°C) : 	39 (3 2) , 41 (31), 51 (2 5) , 65 (5 4) , 77 (45), 
91 (100) , 115 (39) , 129 (34) , 141 (41) 




1.11 4-Methylhexa-3,5-dien-2-one N-methyltosylhydrazone 
2.08 (s, Me), 2.26 (s, Me), 2.41 (s, tosyl Me), 2.73 
(s, N-Me), 5.25 br (d, J 10Hz, 6-H), 5.40 br (d, J 18Hz, 
6_II*), 5.92 br (s, 3-H), 6.39 (d of d, J 18Hz, J' 10Hz, 
5-H), 7.28 and 7.74 (AB, J 8Hz, aromatic) 
S0: C2, 170.8; 	aromatic and olefinic, 116.3, 125.2, 129.0, 
131.0, 140.3, 140.7, 143.8; N-Me, 38.7; 2-Me, 4-Me 
and tosyl Me, 14.4, 21.4, 24.2. 
m/e: 42(7) , 56(6) , 65(6) , 77(7) , 91(18) , 107 (7) , 122(8),  
137(100), 155(3), 185(2) , 292(3) 
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Appendix 2. 	Spectral data of 2-substituted 3,4-dihydro- 




2.1 	3,4-Dihydro-5,7-dimethyl-2-phenyl-1 ,2-diazepine 
1.91 (s, 5-Me) , 2.14 (S, 7-Me) , 2.61 (t, J 6Hz, 
4-H2), 3.68 (t, J 6Hz, 3-H2) , 5.74 (m, 6H) 
6.65-7.35 (m, 5H, phenyl) 
m/e: 	39 (18), 41 (12), 51 (14), 65 (8), 77 (37), 
91 (11) , 104 (18) , 105 (21) , 159 (25) , 171 (7) 





2.2 	3,4-Dihydro-7-isopropyl-3,5-dimethyl-2-tosyl-1 ,2- 
diazepine 
0.48 (d, J 8Hz, 3-Me) , 1.04 (d, J 7Hz, isopropyl 
Me), 1.11 (d, J 7Hz, isopropyl Me), 1.88 br (s, 
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5-Me), 2.18 and 2.98 (AB, J 18Hz, 4-H2), 2.4 
(s, tosyl Me), 2.53 (heptet, J 7Hz, isopropyl CH), 
4.7 (quintet of d, J 6Hz, J' 2Hz, 3-H) , 5.7 br 
(S, 6-H) , 7.24 and 7.86 (AB, J 8Hz, ArH) 
C-3, 51.3; C-4, 44.6; C-5, 134.7; C-6, 120.0; 
C-7, 160.6; aromatic, 149.7 (tert.) , 143.4 (tert.) 
128.8, 128.6; CHMe2, 37.2; 3-Me, 5-Me, tosyl Me 
and isopropyl Me, 12.6, 20.2, 21.4, 26.8. 
m/e: 	39 (18) , 41 (55) , 42 (32) , 53 (14) , 55 (22) 
65 (14) , 67 (13) , 77 (11) , 79 (15) , 91 (39) 





2.3 	3,4-Dihydro-3,5-dimethy1-7-phenethy]-2-tosy1-1 ,2- 
diazepine 
0.46 (d, J 8Hz, 3-Me), 1.86 br (s, 5-Me) , 2.18 
and 2.92 (AB, J 18Hz, 4-H2) , 2.4 (s, tosyl Me) , 
2.78 (m, CH2CH2), 4.74 (quintet of d, J 6Hz, 
J' 2Hz, 3-H), 5.71 br (s, 6-H), 7.15 br (s, 5H, 
phenyl) , 7.25 and 8.85 [AB, J 8Hz, ArH (tosyl)]. 
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C-3, 51.5; 	0-4 and CH 21  33.0, 40.0, 44.4; 
0-5, 134.5; 0-6, 120.6, C-7, 154.9; aromatic, 
149.8 (tert.) , 143.2 (tert.) , 141.0 (tert.) , 
128.8, 128.2, 128.0, 127.9, 125.4; 	3-Me, 5-Me and 
Tosyl Me, 12.5, 21.1, 26.5. 
m/e: 	39 (7) , 41 (12) , 51 (4) , 53 (5) , 65 (11) , 77 (8) 
79 (6) , 91 (45) , 105 (11) , 136 (5) , 185 (4) 






SR 	0.6 (d, J 7Hz, 3-Me), 1.98 br (s, 5-Me), 3.18 and 
2.4 (AB, J 18Hz, 4-H2), 2.4 (s, tosyl Me), 4.84 
(quintet of d, J 6Hz, J' 2Hz) , 6.23 br (s, 6-H) 
7.15-7.7 (m, 7H, ArH), 7.88 (d, J 8Hz, 2H, ArH). 
C-3, 52.9; 0-4, 44.6; C-5, 134.3; C-6, 119.4, 
0-7 and phenyl quaternary, 152.9, 151.3, aromatic, 
143.6 (tert.), 139.2 (tert.), 134.5 (tert), 129.1, 
128.7, 128.6, 128.0, 127.1, 3-Me, 5-Me and tosyl 
Me, 13.4, 21.3, 27.1. 
m/e: 	39 (14) , 41 (27) , 51 (10) , 65 (18) , 77 (22) 
91 (50), 102 (8), 115 (14), 128 (23), 141 (12), 






1.52 (d, J 7Hz, 4-Me) , 1.85 (quintet, J 7Hz, 
7-H2) , 2.2-3.1 (m, 6H, 6-H2, 8-H2 and 5-H2) , 
2.39 (s, tosyl Me) , 4.88 (quintet of d, J 6Hz, 
J' 2Hz, 4-H), 7.18 (s, i-H), 7.24 and 7.87 
(AB, J 8Hz, ArH). 
C-4, 51.1; C-5, 39.6; C-6, C-7, C-8, 4-Me 
and tosyl Me, 12.7, 21.3, 21.8, 35.8; C-i, 
144.9; aromatic and olefinic, 150.6 (tert.), 
143.6 (tert.), 134.8 (tert.), 129.2, 128.5, 
128.2. 
m/e: 	39 (10) , 41 (13) , 55 (14) , 65 (ii) , 67 (12) 






0.69 (d, J 8Hz, 4-Me) , 1.4-2.3 (m, 9H, cyclohexyl 
ring and 5-H) , 2.39 (s, tosyl Me) , 2.78 (one half 
an AB system, J 20Hz, 5-H'), 4.89 (nontuplet, 
J 2Hz, 4-H) , 6.83 (s, 1-H) , 7.27 and 7.83 (AB, 
J 8Hz, ArH). 
m/e: 	39 (42), 41 (68), 57 (33), 65 (49), 77 (48) 11 
79 (41) , 91 (97) , 105 (15) , 121 (38), 135 (16) 
163 (100) , 164 (66) , 212 (10) , 318 (17). 
255 
Appendix 3: Spectral data of 3H-1,2-diazepines 
Me 
In 








3.1 7-Ethyl--3,5-dimethyl-3H-1,2-djazepine (A) and 3-Ethyl-
5, 7-dimethyl-3H-1 , 2-diazet)ine (B) 
1.18 (t, J 7Hz, ethyl Me) , 1.67 (quintet, 
J 6Hz, 3-H) , 1.95 (t, J 1Hz, 5-Me) , 2.01 (d, 
J 6Hz, 3-Me) , 2.59 (sextet, J 7Hz, Hx) 
2.85 (sextet, J 7Hz, Hx') , 4.91 (d, J 6Hz, 4-H), 
5.91 br (s, 6-H). 
1.15 (t, J 7Hz, ethyl Me) , 1.55 (q, J 6Hz, 
3-H) , 1.94 (t, J 1Hz, 5-Me), 2.33 (heptet, 
J 7Hz, Hy) , 2.38 (d, J 1Hz, 7-Me) , 2.57 (heptet, 
J 7Hz, Hy'), 4.94 (d, J 6Hz, 4-H), 5.91 br (s, 
6-H). 
30(A+B) C-3, 71.2, 77.4; C-4 and C-6, 118.4, 117.3, 
116.9, 116.0; C-5, 136.3; C-7, 154.5, 160.8; 
CH 
2F  28.5, 26.0, 3-Me, 5-Me, 7-Me and ethyl Me, 
21.1, 20.6, 18.6, 13.8, 10.7. 
m/e (A+B) 39 (l 8) , 41 (13) , 53 (12) , 77 (5 5) , 79 (10 0) 
80 (13) , 91 (24) , 93 (25) , 94 (53) , 95 	11) 
106 (11) , 122 (14) 
* 







3.2 	3,5-Dimethyl-7-isopropyl-3H-1,2-diazep±ne and 
5,7-Dimethyl-3-isopropyl-311--1 ,2-diazepine  
6H(A) 	1.12 (d, J 7Hz, isopropyl Me), 1.26 (d, J 7Hz, 
isopropyl Me), 1.63 (quintet, J 6.5Hz, 3-H), 
1.96 br (s, 5-Me), 2.01 (d, J 6.5Hz, 3-Me), 
2.97 (quintet, J 7Hz, isopropyl CH) , 4.90 
(d, J 5.5Hz, 4-H) , 5.90 br (s, 6-H) 
H(B) : 	1.16 (d, J 7Hz, isopropyl Me) , 1.23 (d, 
J 7Hz, isopropyl Me), 1.15-1.25 (unresolved, 
3-H) , 1.96 br (s, 5-Me), 2.39 (s, 7-Me) 
2.73 (sextet, J 6.5Hz, isopropyl CH), 5.01 
(d, J 5.5Hz, 4-H) , 5.90 br (s, 6-H) 
C-3, 70.9, 82.0, C-4 and C-6, 113.9, 115.6, 
117.1, 118.2; C-5, 135.8, 136.3; C-7, 154.0, 
165.0; CHMe2, 33.6, 30.2; 3-Me, 5-Me, 7-Me 
and isopropyl Me, 18.4, 19.2, 19.6, 20.5, 21.0, 
21.5, 22.8. 
m/e(A+B) 39 (3 8) , 41 (4 4) , 43 (l 8) , 53 (2 5) , 65 (14) 
77 (40) , 79 (53) , 91 (42) , 93 (36) , 105 (46) 
121 (100) , 136 (12) , 149 (17) , 165 (15) 
* 







3.3 3,5-Dimethyl-7-phenethyl-311-1 ,2-diazepine (A) and 
5,7-Dimethyi-3-phenethyl-3H-1 ,2-diazepine (B) 
1.53 (quintet, J 6Hz, 3-H), 1.89 (t, J 1Hz, 
5-Me), 1.98 (d, J 7Hz, 3-Me) , 3.04 (m, Hx) 
3.24 (m, Hxt). 
1.64 (q, J 6Hz, 3-H), 1.93 (t, J 1Hz, 5-Me), 
2.37 (s, 7-Me), 2.57 (in, Hy), 2.81 (m, Hy'). 
3.91 (m, benzyiic CH2) , 4.88 and 4.95 	(d, 	J 
6Hz, 4-H), 	5.82 	and 5.88 (s, 6-H), 	7.12-8.31 
(in, phenyl). 
6(A+B): C-3, 70.8, 74.8; C-4 and C-6, 116.2, 117.0, 
117.1, 118.3; C-7, 154.2, 157.6; C-5 and 
aromatics, 141.2 (tert.) , 140.4 (tert.), 
136.0 (tert.), 135.4 (tert.), 128.1, 128.0, 
127.9, 125.7, 125.5; CH2, 36.8, 35.0, 34.1, 
32.1; 3-Me, 5-Me and 7-Me, 20.6, 20.2, 20.1, 
18.1. 
m/e(A+B) :39 (19) , 41 (16) , 65 (2 6) , 78 (2 2) , 79 (3 8) 
91 (99), 107 (100), 135 (10), 155 (10), 169 (12), 
183 (17) , 198 (19) , 226 (5) 








3.4 	3 , 5-Dimethyl-7-phenyl-3H-1 ,2-diazepine 
1.92 (q, J 6Hz, 3-H) , 2.05 (t, J 1Hz, 5-Me) , 
2.05 (d, J 6Hz, 3-Me) , 5.08 (d, J 6Hz, 4-H), 
6.35 (s, 6-H) , 7.25-7.5 and 7.78-7.82 (m, phenyl) 
C-3, 72.1; C-4 and C-6, 115.4, 118.9; C-7, 
156.3; c-S and aromatic, 136.7 (tert.) , 136.8 
(tert.), 128.6, 128.4, 125.8; 3-Me and 5-Me, 
20.8, 18.2. 
m/e: 	39 (2 6) , 41 (12), 51 (21) , 63 (14) , 77 (2 4) 
91 (33), 102 (15), 115 (40), 128 (40), 141 (21), 
155 (99) , 170 (100) , 198 (7) 
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Appendix 4: Spectral data of diiron hexacarbonyl diazepine 
complexes 
Ph 
OCN Fe(CO)3  
Fe(C0)3  
4.1 	4-Phenyl-1H-2, 3-benzodiazepine diiron hexacarbonyl 
complex 
4.19 and 4.47 (AB, J 14Hz, methylene; quasi axial/ 
equatorial) , 6.6 (s, 1H, olefinic) , 7.15-7.55 
(m, 9H, aromatic). 
CH 
2"  61.6; olefinic, 117.9; aromatics, 138.7 
(tert.), 136.5 (tert.) , 135.0 (tert.) , 129.7, 129.3, 
129.0, 128.2, 128.3, 126.2; C-N, 149.3; CO 3 
209.6. 
m/e: 	56 (32) , 112 (24) , 117 (22) , 173 (31) , 192 (24) 
205 (22) , 229 (75) , 305 (37) , 332 (18) , 360 (100) 
388 (59) , 416 (20) , 444 (8) , 472 (34) , 500 (25) 
Ph 
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4.2 1-Methyl-4-phenyl-1H-2,3-benzodiazepine diiron 
hexacarbonyl complex 
1.7 (d, J 6Hz, CHMe), 4.18 (q, J 6Hz, CHMe), 
6.61 (s, 1H, olefinic), 7.1-7.55 (m, 9H, aromatic). 
CHMe, 61.0; Me, 15.8; olefinic 118.1; aromatic, 
138.5 (tert.), 137.5 (tert.), 136.2 (tert.), 
129.7, 129.0, 128.5, 128.3, 126.0, 124.9; C-N, 
149.1; CO, 182.2, 182.5. 
m/e: 	56 (46), 112 (24) , 137 (18) , 243 (53) , 305 (68) 
318 (16), 346 (19), 374 (100), 402 (87), 430 (27), 





4.3 	1,2,3 ,3a-Tetrahydro-10-phenylbenzo[c] cyclopenta[f I - 
[1,2]diazepine diiron hexacarbonyl complex 
1.77-2.26 and 2.5-2.78 (m, 6H, cyclopentyl 
methylenes) , 3.72 br (d, J 6Hz, 3a-H) , 6.74 (d, 
J 8Hz, 1H, aromatic), 6.95-7.5 (m, 8H, aromatic). 
C 	CH2's, 24.5, 31.3, 34.1; CH, 67.2; aromatics, 
126.0, 127.6, 128.0, 128.4, 128.8, 129.9, 130.9, 
132.9, 136.8 (tert.), 140.7 (tert.), 145.0 (tert.), 
147.2 (tert.); C=O, 210.0. 
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m/e: 	76 (22) , 88 (28) , 178 (96) , 179 (100) , 258 (74) 
260 (72) , 372 (36) , 400 (11) , 428 (23) , 456 (8) 




Fe (C 0) 
Ph 
4.4 	5-Methyl-7-phenyl-3f1-1 ,2-diazepine diiron hexacarbonyl 
complex 
1.92 (s, 5-Me) , 3.88 (d, J 6Hz, 3-H2) , 5.86 br 
(t, J 6Hz, 4-H) , 5.91 (s, 6-H), 7.15-7.4 (m, phenyl) 
C-3, 55.7; C-4, C-6 and aromatics, 118.7, 126.1, 
128.2, 129.1, 138.5 (tert.); C-5 and C-7, 142.3, 
151.9; CO3 210.0; 	5-Me, 22.8. 
m/e: 	56 (34) , 112 (22) , 124 (16) , 156 (13) , 210 (32) 
269 (39), 296 (45), 324 (100), 352 (34), 380 (7), 




- N 	Fe(C0)3 
Me 
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4.5 	5, 7-Dimethyl-311-1 ,2-diazepine diiron hexacarbonyl 
complex 
1.82 	(s, 	5-Me), 1.97 	(s, 7-Me), 3.76 (d, 	J 6Hz, 
3-H2) , 	5-49 br (s, 	6-H) , 5.72 br (t, J 6Hz, 4-H) 
C-3, 55.2; C-4 and C-6, 117.0, 124.8; C-S and 
C-7, 142.3, 148.2; C=O, 210.1, 5-Me and 7-Me, 
22.7, 23.0. 
m/e: 	56 (10) , 112 (29) , 148 (19) , 193 (19) , 207 (36) 
234 (100), 262 (24), 290 (10), 318 (5), 346 (19), 
374 (21) , 402 (9) 
Me 









4.6 3,5-Dimethyl-7-ethyl-3H-1,2-diazepine (A) and 5,7-
dimethyl-3-ethyl-3H-1 ,2-diazepine (B) diiron hexacarbonvi 
complexes 
1.12 (t, J 75Hz, ethyl Me), 1.33 (d, J 6.5Hz, 
3-Me) , 2.1-2.35 (m, ethyl CH2) , 3.47 (m, 3-H) 
5.44 (s, 6-H) , 5.49 (d, J 5Hz, 4-H) 
1.03 (t, J 7.5Hz, ethyl Me), 1.55-1.8 (m, ethyl 
CH2), 1.98 (s, 7-Me), 3.2 (m, 3-H), 5.49 (s, 
6-H) , 5.52 (d, J 5Hz, 4-H) 
* 
recorded at 360MHz 
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1.83 (m, 5-Me). 
C-3, 59.3, 64.2; 	C-4 and C-6, 115.2, 116.9, 
128.5, 129.7; C-5, 139.8, 140.3; C-7, 148.3, 
153.5; CH2, 25.1, 30.7; 3-Me, 5-Me, 7-Me and 
ethyl Me, 9.8, 12.9, 17.5, 22.7, 22.9; C=O, 
210.1, 210.3. 
m/e(A+B) : 56 (17) , 112 (21) , 134 (16), 207 (14) , 221 (18) 
234 (13), 262 (100), 290 (24), 318 (12), 346 (7), 
374 (20) , 402 (18) , 430 (13) 
Me 
Me_(1<,N*  Fe(CO) 3 
Pr' 
Me 
Fe (C 0)3  
Me 	 Fe(CO)3 411\i  
Pr' 
In 
4.7 3,5-Dimethyl-7-isopropyl-3R-1,2-diazepine (A) and 5,7- 
dimethyl-3-isopropyl-3H-1 ,2-diazepine (B) diiron hexa-
carbonvi complexes 
H(A) : 1.13 (d, J 7Hz, isopropyl Me), 1.15 (d, J 7Hz, 
isopropyl Me), 1.34 (d, J 6.5Hz, 3-Me), 1.83 
(s, 5-me), 2.37 (heptet, J 7Hz, isopropyl CH) 
5.42 (s, 6-H) , 5.49 br (s, 4-H) 
0.99 (overlapping doublets, J 7Hz, isopropyl Me), 
1.85 (s, 5-Me) , 1.99 (s, 7-Me) , 2.04 (m, isopropyl 
CH) , 3.06 (m, 3-H) , 5.52 (s, 6-H), 5.61 br (s, 
4-H). 
264 
C-3, 59.4; C-4 and C-6, 113.9, 129.6; 
C-5 and C-7, 139.8 (tert.) , 157.5 (tert.) ; 
3-Me, 5-Me, isopropyl Me's, CHMe2, 17.7, 
21.1, 22.8, 23.3, 36.7. 
C-3, 67.0; C-4 and C-6, 117.2, 129.6; C-5 
and C-7, not resolved; 3-Me, 5-Me, isopropyl 
Me's, CHMe2, 16.4, 20.1, 23.0, 30.3, 36.0. 
m/e(A+B) 	56 (17) , 112 (18), 235 (19), 276 (100), 304 
(22) , 332 (10) , 360 (6) , 388 (21) , 416 (15) 
444 (19). 
Me 	 Me 
N 	
Fe(C 0)3  
Fe(C0) Fe(C0)3 	 Me 	 3  
' Hx' 	 Hy  
( H 
Ph x Ph Hy 
ME 
4.8 3,5-Dimethyl-7-phenethyl-3H-1,2-diazepine (A) and 
5, 7-Dimethyl-7-phenethyl-3H-1 , 2-diazepine (B) diiron 
hexacarbonyl complexes 
1.34 (d, J 7Hz, 3-Me), 1.72 (s, 5-Me), 1.51 
(m, benzylic CH2) , 2.71 (m, Hx) , 2.83 (m, 
Hx'), 3.49 (m, 3-H), 5.33 and 5.48 br (s, 4-H 
and 6-H), 7.15-7.35 (m, phenyl). 
* 
recorded at 360MHz 
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1.85 and 1.96 (s, 5-Me and 7-Me), 1.9-2.0 (m, 
benzylic CH2) , 2.65-2.85 (m, Fly and Hy'), 
3.28 	(m, 3-H), 5.47 and 5.57 (d, J 3Hz, 	4-H 
and 6-H), 7.15-7.35 (m, phenyl). 
C-3, 59.4, 62.4; C-4, C-5, C-6 and aromatics, 
116.9, 117.4, 126.2, 128.2, 128.4, 130.0, 
139.8 (tert.), 140.1 (tert.), 140.5 (tert.); 
C-7, 148.4, 150.5; 3-Me, 5-Me, 7-Me, 17.6, 
22.5, 22.8, 23.0; CH2CH2, 31.6, 33.7, 35.1, 
40.4; CO 3 210.0, 210.3. 
m/e(A+B) : 56 (21) , 91 (20) , 112 (20) , 249 (21) , 297 (73) 
338 (100) , 360 (15) , 394 (2) , 422 (32) , 450 
(17) , 478 (1) , 504 (9) 
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Appendix 5: 	Spectral data of diazepine N-oxides 
5.1 	4-Phenyl-1H -2, 3-benzodiazepine N-oxide 
4.67 and 5.71 (AB, J 5.5Hz, methylene), 7.2-7.9 
(m, 10H, aromatics + olefinic) 
CH 21'  73.5; olefinic, 116.0; aromatics, 126.2, 
126.0, 127.3, 127.9, 128.5, 128.3, 129.4, 130.3, 
134.2 (tert.), 136.8 (tert.), 145.1 (tert.). 
m/e: 	51 (12) , 77 (34) , 103 (28) , 178 (19) , 191 (17) 








(A) 	 (B) 
5.2 3,5,7-Trimethyl-3H-1,2-diazepine N-oxide (A) and 3,5-
dimethyl-3-propenyl-3H-pyrazole N-oxide (B) 
6.08 br (s, 6-H) , 5.05 (d, J 6Hz, 4-H) , 3.76 
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(quintet, 3-H), 2.17 (s, 7-Me) , 1.94 (t, 
J 0.5Hz, 5-Me) , 1.84 (d, J 6Hz, 3-Me) 
1.53 (s, 5-Me) , 2.61 (d, J 6Hz, propenyl Me) , 
2.14 (d, J 2Hz, 3-Me) , 5.49 (d, J 16Hz, Ha) , 
5.74 (d of q, J 16Hz, J' 6Hz, Hb), 5.88 br (s, 
4-H). 
14.3, 16.0, 17.7, 20.0, 22.5, 
23.8; C-3's, 73.1, 90.6; olefinics, 119.6, 120.0, 
120.3, 127.6, 130.0, 139.4, 144.9, 146.8. 
m/e(A+B) : 	39 (75) , 41 (79) , 53 (73) , 65 (31) , 77 (38) 
79 (71) , 81 (46) , 107 (75) , 121 (67) , 122 (100) 
152 (23). 
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DIIRON HEXACARBONYL 5,7-DIMETHYL--3H-1 ,2-DIAZEPINE, C13H10Fe2N2O6  
R.O. Gould and M.D. Walkinshaw 
Department of Chemistry, University of Edinburgh, Edinburgh, 
EH9 3JJ, Scotland. 
Preliminary Information. 	The title compound was prepared by reacting 
5,7-dimethyl-3H--1,2-diazepine with diiron nonacarbonyl (Argo and Sharp 1981). 
A study with 1H-1,2-diazepines has shown that an Fe(C0)3  moiety forms a 
n-complex with the butadiene group In the ring (Parnnell et.al.1978). 
The reactivity of 3H-1,2-dizepine appears to be quite different and a 
tetrahedral Fe2N2 system Is formed similar to those reported for some 
other azo-compounds (Nesmeyanov et.al. 1979). 
Crystal data for C13H10Fe2N206, M = 402, deep red triclinic crystals, 
a = 7.522(1), b = 9.801(3), c = 11.825(1) R, n = 76.34(2)0 , 8 = 72.87(l)
0 , 
y = 78.74(2)0 , Ti = 802 
R3, 
 z = 2, D = 1.66 g cm-3, space group 
P1 (No. 2), MOKa  radiation X= .71069 , i= 18.9 cm'. 
Structure Determination. 	After preliminary photography unit cell 
dimensions and intensity data were measured on a Nonius CAD 4 dlffractomer. 
A crystal of dimensions 0.4 , 0.4 , 0.6 ann (rotation axis) was used with 
Zr filtered MoK radiation. Of 2806 unique reflexions measured to 
20 max = 500 2307 had I>3a(I). 
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TABLE I FRACTIONAL COORDINATES OF ATOMS WITH STANDARD DEVIATIONS 
X 	 Y 	 z 
FE(2) 0.0703( 1) 0.2066( 1) 0.1625( 	1 
FE(1) 0.3493( 1) 0.1049( 0) 0.2438( O 
 0.4993( 5) 0.1039( 4) 0.3385( 3 
 0.3494( 5) ..0.0831( 4) 0.2677( 	3' 
 0.5266( 5) 0.1170( 4) 0.1029( 3  
 -0.0050( 5) 0.0467( 4) 0.1568( 3  
 0.1779( 5) 0.2505( 4) 0.0028( 3  
 -0.1491( 5) 0.3208( 4) 0.1668( 	3  
0(1) 0.6011( 4) 0.1042( 3) 0.3938( 2 
0(2) 0.3430( 4) -0.2015( 3) O.2853( 3 
0(3) 0.6371( 4) 0.1282( 3) O.0132( 	3, 
0(4) .-0.0517( 4) -0.0574( 3) 0.1568( 3 
0(5) 0.2500( 5) 0.2777( 4) -0.0963( 3 
0(6) -0.2888( 4) 0.3903( 3) 0.1681( 3 
N(1) 0.1986( 3) 0.2874( 3) 0.2412( 2 
N(2) 0.1017( 3) 0.1798( 3) 0.3206( 2 
C(3) -0.0197( 5) 0.2054( 4) 0.4376( 3 
H(31) -0.1183( 5) 0.2999( 4) 0.4236( 3 
H(32) -0.0953( 5) 0.1159( 4) 0.4812( 3 
C(4) 0.0925( 5) 0.2250( 4) 0.5179( 	3 
H(4) 0.0826(48) 0.1555(32) 0.6014(21 
C(5) 0.1916( 5) 0.3315( 4) 0.4903( 3 
C(6) 0.2080( 5) 0.4360( 4) 0.3778( 3 
H(6) 0.2315(49) 0.5385(23) 0.3788(32 
C(7) 0.2090( 5) 0.4181( 3) 0.2695( 	3 
C(8) 0.2408( 6) 0.5315( 4) 0.1580( 4 
H(81) 0.2600( 6) 0.6243( 4) 0.1850( 4 
H(82) 0.1203( 6) 0.5556( 4) 0.1212(4 
H(83) 0.3644( 6) 0.4998( 4) 0.0904( 4 
C(9) 0.2960( 7) 0.3521( 5) 0.5748( 	5 
 0.4397(28) 0.3521(43) 0.5371(35 
 0.2745(55) 0.2679(32) 0.6471(27 
 0.2730(58) 0.4605(22) 0.5737(38 
No absorption correction was applied since the difference between maximum 
and minimum measured transmittances was 10%. 
A Patterson synthesis provided positions for both Fe atoms in the 
asymmetric unit. All other non hydrogen atoms were located from an E-map 
calculated using 1992 reflections phased by the system DIRDIF (Beurskens, 
et.al. 1980). Using SHELX (Sheidrick 1976), full matrix least squares 
refinement of positions and isotropic vibrational parameters of all non-
hydrogen atoms gave an R factor of 0.061. A difference Fourier map showed 
the positions of the three methyl group hydrogens attached to C(9), the 
hydrogen atoms attached to C(4) and C(6) and one of the methyl group 
hydrogen atoms attached to C(8). The remaining five hydrogen atom positions 
were calculated assuming standard geometry. For the final cycles of 
refinement both iron atoms and the twelve atoms of the carbonyl groups were 
allowed to refine anisotropically. Five of the locatable hydrogen atoms 
were refined but with C-H bond lengths constrained to 1.08 R. The C(8) 
methyl hydrogen atoms were refined as a rigid group and H(31) and 8(32) were 
allowed to "ride' on C(3) (SHELX). Reflections Oil and 103 were omitted 
from the last two cycles of refinement as both showed large extinction effects. 
In the last cycle no shifts of non-hydrogen atom parameters were greater 
than .05 times their estimated standard deviation. The weighting scheme 
applied in the last stages of refinement was w = 1/2 and the final R 
factor was .035. 
Positional parameters of atoms are given in Table 1, bond lengths and 
angles in Table 2. 
Description of the Structure 
Both iron atoms in the molecule show 6-fold coordination, each iron 
atom is bonded to three carbonyl groups with an average Fe-C distance of 
1.798(6) R. The four Fe-N bonds (average length 1.906(8) ), the Fe-Fe 
bond (2.498 	and the N-N bond (1.398 	form a distorted tetrahedron. 
There are no significant differences between the carbonyl C-0 bonds which 
have an average length 1.137 X with a standard deviation of .005 . The 
Fe-C-0 bond angles are nearly linear with an average value of 177.80  and 
a standard deviation from the mean of .50. The two iron atoms show nearly 
Identical coordination geometry and sit at the apices of two distorted 
- 1142 - 
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tetrahedra: that with the three carbonyl groups, and the shared Fe(2), Fe(1), 
N(l), N(2) tetrahedron. The internal angles at the Fe atoms in this shared 
tetrahedron are narrow with an average value of 
470 
 compared to the wider 
C-Fe-C angles of the carbonyl tetrahedra which have an average value of 970 
The seven membered ring adopts a half boat conformation showing 
pseudo-mirror symmetry across the plane lying along the line between C(3) 
and the midpoint of the C(7)-C(6) double bond and perpendicular to the line 
between N(l) and C(5). All bond lengths and angles in the seven membered 
ring are within the expected ranges. 
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D[MUCLAR [tON CARBONYL COMPLEXES OF 3H-1 ,2-DIAZEPINES 
* 
Carl 3. Argo and John T. Sharp 
Deoartment sf Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH3 3JJ, Scotland 
Abstract. 	OH-i ,2-Diazepines (1/2) give dinuclear complexes (3/4) on reaction with diiron nona- 
bOsnyT. Comolexation much reduces the rate of the [1,51 sigmatropic hydrogen shift across 
ne iiazepine ring and also reduces the activaticn energy for ring inversion. 
We have recently reported the first synthesis of 3R-1,2-diazepines1 e.g. (1) and (2). 
This is an interesting ring system because of the fast [1,51 sigmatropic hydrogen migrations 
xhich interconvert (1) and (2). 	These hydrogen shifts are much faster than For analogous 
carbocyclic rings and prevent isolation of the isomers at room temperature, e.g. t for (2c) is 
ca 30 minutes at 0°C. 
We initiated this study of metal complex formation by the diazepines in the hope that 
:omplexes could be prepared in which the diazepine ring remained intact but with a much reduced 
rate for the hydrogen shifts so that complexes of the isomers (1) and (2) could be separated 
for characterisation, spectroscopic study, and possibly for low temperature regeneration of the 
diazepines. 	This preliminary report on the reaction of the diazepines with di-iron nonacarbonyl 
describes the nature of the products and the effect of complexation on both the rate of the 
hydrogen shift and the ease of inversion of the diazepine ring. Previous work with lH-1,2-di-
ezepines has shown that they form mr-complexes via attachment of the Fe (C0)3 moiety to the 
butadiene unit of the diazepine ring.2 This work shows that the reactivity of the 3H-1,2-di-
ezepines is quite different and involves an organo-metallic interaction by the azo-group only to 
give complexes (3/4) containing the tetrahedral Fe2N2 system, similar to those previously 
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The diazepines reacted readily with di-iron nonacarbonyl at room temperature to give the 
complexes in moderate yield (28-57%) but conversions were improved by the use of benzylidene-
acetone iron tricarbonyl as the reagent, for example the yield of (3c) increased from 31 to 64%. 
The diazepines (1/2 a,b, and c) gave single products (3 a,b,c); this is perhaps not surprising 
for (1/2b) which contains no detectable (2b) at equilibrium but more so for (1/2c) which con- 
tains ca 15% of (2c). 	Examination of the reaction mixture by h.p.l.c. and of the crude 
chromatographed product by n.m.r. failed to reveal any complex of (2c) so it appears that this 
diazepine is at least ca 3x less reactive than its isomer. 	The other diazepines (d-f) gave 
both (3) and (4). 	It has not yet proved poEsible to separate the isomers (3/4d) and (3/4e) 
but (3f) and (4f) have been separated on a small scale by column chromatography (25 x 0.5 cm, 
5 urn Hypersil, 11,000 plates, elution with 50% water-saturated hexane). 
Unlike the 	diazepines (1)/(2) 	which interconvert rapidly at room temperature the 
complexes (3f) and (4f) were stable to isomerisation at 110°C but did decompose slowly at this 
temperature. 	Thus it is clear that the complexation of the azo-group has much reduced its 
rate-enhancing effect on the 11,51 sigmatropic hydrogen shift across the diazepine ring. This 
effect is probably largely related to the change in the electronic effect of the diaza unit 
brought about by complexation but may also be partly steric in origin since the X-ray derived 
structure of the complex shows that the ring is slightly flattened leading to a greater C-7 to 
H-3 distance (2.86k) than that measured on a Dreiding model (2.60) of the diazepine itself. 
A variable temperature 
1 
 H n.m.r. study on the complexes (3b) and (3c) has shown that 
complexation also much reduces the activation energy for ring inversion. The thermal instabil-
ity of the diazepines themselves prevents measurement of the coalescence temperature for the 
methylene absorptions, but for (ic) the rate of ring inversion is still slow at 120°C. At this 
temperature there is some broadening of the methylene oeaks but it is well below the coalescence 
temperature, thus A0 must be > 75kJ mol. For the complexes (3c) and (3b) the coalescence 
temperatures for the methylene groun (at 360 MHz) are -108°  and -105°C respectively giving 
LG 	values of 30.7 and 31.4 kJ mol. 
The diazepines can be regenerated in moderate yield from their complexes by mild oxidation 
with Shvos reagent at room temperature but we have not yet been able to do this at temperatures 
low enough to usefully inhibit the (l)(2) interconversion reaction. 
We thank the S.R.C. for support (C.B.A.). 
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Synthesis of 2-Substituted 3,4-Dihydro-1,2-diazepines by the Reactions 
of Unsaturated Ketones with Hydrazides 
By Patrick N. Anderson, Carl B. Argo. and John T. Sharp.' Department of Chemistry, University of Edin-
burgh, West Mains Road, Edinburgh EH9 3JJ 
The previously reported synthesis of 3,4-dihydro-2-tosyl-1,2-diazepines by the aid-catalysed reactions of 
p-toluenesulphonylhydrazide with E3.y-unsaturated ketones has been extended to other 2-substituted analogues 
(3) by the use of a variety of hydrazine derivatives. A new acid-catalysed ring contraction, the conversion of 
2-benzoyl-3,4-dihydro-1 ,2-diazepine (3d) into 1 -benzoyl-3-methylpyrazol-2-ine (4), is also reported. 
WE recently reported that the reactions of some sub-
stituted 2,4-dienones with p-toluenesulphonylhvdrazine 
in the presence of an acid catalyst gave 3,4-dihydro-2-
toluenesulphonyl-1,2-diazepines [e.g. (3a)] via tosyl-
hydrazone intermediates.' This reaction provides an 
easy and convenient entry to the 1,2-diazepine system 
although its utility is somewhat limited by the fact that 
the ring-closure step is inhibited by certain combinations 
of substituents on the dienone. 
The work described here was undertaken to probe the 
general applicability of the reaction to the synthesis of 
diazepines analogous to (3a) but with different N-
substituents. Thus we examined the reactions of the 
dienone (1) with a variety of liydrazides. The reactions 
were carried out at room temperature in ethanol in the 
presence of hydrochloric or sulphuric acid as catalyst and, 
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yields of diazepiiies (3b—g) were obtained. Their struc-
tures were confirmed by comparison of their i.r. and 
n.m.r. spectra with those of (3a).' 
As previously observed for p-toluenesulphonyl-
hydrazide, the reaction of (1) with benzoylhydrazide in 
the absence of acid gave predominantly the hydrazone  
(2d) and some diazepine (3d). Treatment of the hydr-
azone with sulphuric acid in ethanol gave the diazepine 
(3d) in 60% yi eld. It was found to be important in this 
and in some other cases to keep the reaction temperature 












procedure; failure to do this resulted in the formation of 
pyrazolines, e.g. (4). Monitoring by t.l.c. and control 
experiments showed that the pyrazoline is a secondary 
product which is formed when the diazepine is heated in 
ethanol in the presence of acid and benzoylhydrazide. 
This diazepine -*. pyrazoline conversion is similar in 
some respects to the known acid-catalysed conversion of 
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(6) 
pyrazole (6).2 It has been suggested that this reaction 
involves hydrolytic ring opening followed by an intra-
molecular Michael addition and a retro-aldol cleavage. 
The formation of the pyrazoline (4) from (3d) can be 
rationalised by a similar mechanism (Scheme 2). A low 
yield of an analogous pyrazoline was also isolated fthm 
the reaction of (1) with ethyl carbazate. These diaze-
pine -0- pyrazoline conversions have not been investi- 
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gated in any depth; their study is complicated by the 
fact that the pyrazolines are also quite readily susceptible 
to acid-catalysed decomposition so their isolation is 
strongly dependent on the reaction conditions. For 
example, although both (3a) and (3d) are rapidly de-
composed by 5% v/v hydrochloric acid in ethanol, only 
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We also examined the reactions of 4-inethyl-6-phenyl-
hiexa-3,5-dien-2-one (7) with acetyl- and methane-
sulphionyl-liydrazides. This di('ilone when reacted with 
p-toluenesulphonylhydrazide gave a tosyll iydrazone (9a) 
which could not be cyclised to a diazepine) It was sug-
gested that tins might be due to steric inhibition of 
cyclisation by the phenyl group since it is known that 
Michael reactions are sensitive to steric effects. Thus it 
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Iivdrazides (81) and c) to see if the h\'drazoues (91) and c) 
were equally resistant to cvchisation. In the event they 
were, so it is still not clear whether it is the bulk of the 
phenyl group or its electronic effect which prevents ring 
closure. Attempts to prepare the 6-cycloliexyl analogue 
of (7) were not fruitful. 
This work has shown that the reaction in Scheme 1 
provides a route to a variety of 3,4-diliyclro-1 ,2-diaze-
pines with differing 2-substituents; the yields in some 
cases are moderate but the disadvantage of this is offset 
by the ready avdlability of the starting materials and 
the ease of carrying out the reaction. 
EXPERIMENTAL 
N.m.r. spectra were run in deuteriocliloroform and chemical 
shifts are recorded in 6 from SiMe4. All cvclisation reactions 
were carried out under nitrogen and in the (lark. The un-
saturated aldehydes and ketones were prepared as described 
earlier.' 
Reactions of 4-Melhylhexa-3,5-dien-2-one (I) with Hydr-
azides.—(i) Benzenes ulp/wnyl/&ydrazide. 4-Methiylhexa-3,5-
(lien-2-one (0.50 g, 4.55 nimol), benzenesulplionyhliydrazide 
(0.78 g, 4.54 mmol), and concentrated hydrochloric acid (0.25 
nil) in ethanol (8 ml) were stirred overnight at room tem-
perature. The white precipitate (0.78 g, 650/(,) was filtered 
off and recrystallised from ethanol to give 2-ben'enesul-
phonyl-3,4-dihydro-5,7-dimethyl-1,2-diazepine (0.65 g, 54%) 
nip. 132-133 °C (Found: C, 59.2; H, 6.2; N, 10.6. 
C13H,6N20,S requires C, 59.1; H, 6.1; N, 10.6%); 81, 
1.88 (s, 5-Me), 2.00 (s, 7-l\-1c), 2.60 (t, f 6Hz, 4-11,), 3.39 (t, 
J 6 Hz, 3-H), 5.65 (hr s, 641), and 7.35-8.1 (in, aromatic, 
4 11). 
Met hanesulphonylhvdrazide. 4-Methylhexa-3,5-dien-
2-one (1.01) g, 9.10 mniol), methanesulphonylhydrazide 
(1.00 g, 9.10 mniol), and concentrated hydrochloric acid 
(0.5 ml) in ethanol (15 nil) were stirred for 2 h at room tem-
perature. Removal of the solvent by evaporation under 
reduced pressure gave an oil (1.95 g) which was chromato-
graphed to give 2-met hanesulphonyl-3 , 4-dihydro-5, 7-di-
ozet/tyl-1,2-dia.epine (1.1 g, 60%), m.p. 73-73.5 °C (from 
ethanol-hexane) (Found: C, 47.2; H, 6.9; N, 13.7. CH,4-
N,O,S requires C, 47.5; H, 6.7; N, 13.8%); 6, 1.90 (s, 
5-Me), 2.06 (s, 7-Me), 2.62 (t, J 7 Hz, 4-1-10,2.98 (s, SO,Me), 
3.58 (t, / 7 Hz, 3-H,), and 5.7)) (s, 6-H). 
Benzoyl/tydrazide. (a) In the presence of acid. 4-
Metliylhiexa-3,5-dien-2-one (((.51) g, 4.55 mmol), benzoyl-
hydrazide (0.62 g, 4.55 ninol), and concentrated hydro-
chloric acid ((1.25 ml) in ethanol (8 nil) were stirred for 4 Ii 
at room temperature. The solvent was removed by evapor-
ation under reduced pressure at room temperature and the 
residual oil was chroniatographecl on silica to give 2- 
benzoyl-3,4-diltydro-5,7-dimet/zyl- 1 ,2-dia.zepine (0.46 g, 44%), 
iii p. 44-46 °C (from hexane) (Found: C, 73.8; H, 7.2; 
N, 12.1. 	('14H16N 2() requires C, 73.7; 1-1, 7.1; N, 12.3%); 
31, 1.95 (s, 5-Me), 2.03 (s, 7-Me), 2.60 (t, J 5 Hz, 4-H2), 3.92 
(t, 1 5 Hz, 3-H2), 5.71 (s, 6-H), and 7.1-8.7 (m, aromatic, 
5 11); v,,, (Nujol) 1 645 cm' (C0). Further elution gave 
an intractable tar (0.35 g). 
A similar reaction using double the above quantities in 
vinchi the product mixture was heated (ca. 60 C) (luring 
evaporation of the solvent gave 2-benzoyl-3,4-diliydro-5,7-
(liazepine (37%): 1-benzoyl-3-nietliyl-2-p),razoline (15%), 
nip. and mixed m.p. 98-99 °C (lit.,"' 98.5-99 'Q; 
2.01 (br s, 3-Me), 2.80 (t, J 9 Hz, 4-H2), 4.06 (t, J 9 Hz, 
5-HO), and 7.1-7.9 (in, aromatic, 5 H); v 	(Nujol) 1 620 
cm' (C=0): bcnzovlhivdrazide (8%): and polymeric 
material (0.88 g). In a control experiment the diazepine 
(0.20g, 0.807 mrnol), benzoyhhiydrazide (0.12g, 0.882 nimol), 
and concentrated hydrochloric acid (0.2 ml) in ethanol (4 ml) 
were refluxeci for 1 Ii. Evaporation of the solvent under 
reduced pressure and chromatography of the residue gave 1-
benzoyl-3-methyl-2-pyrazohine (0.092 g, 56%), m.p. and 
mixed m.p. 98-99 °C. A similar reaction in the absence 
of benzoylliydrazide did not give the pyrazohine. 
(b) In the absence of acid. 4-Methylhexa-3,5-dien-2-one 
(1(10 g, 9.10 mmol) and benzoylhiydrazide (1.24 g, 9.11 




temperature. The usual work-up and chromatography on 
silica gave 2-benzoyl-3,4-dihydro-5, 7-dimethyl- 1 ,2-cliaze-
pine (0.24 g, 12%), m.p. 44-46 °C: 4-rnethy1hexa.-3,5-dien-
2-one benzoylhydrazone (0.54 g, 26%) as yellow needles, m.p. 
112 °C (from ethanol) (Found: C, 73.5; 	7.2; N, 12.3. 
C14H10N20 requires C, 73.7; H, 7.1; N, ''); 8,, 1.85- 
2.15 (2 x Me), 4.7-6.5 (m, olefinir 	and 7.3-8.0 
(in, aromatic, 5 H); Vflla (Nujol) 3 21.i , (N-H) and 1 650 
cm' (C0): and unreacted benzoylhydrazide (0.67 g, 54%). 
The benzoylhydrazone (0.10 g) and concentrated sulphuric 
acid (2 d) in ethanol (0.5 ml) were stirred at room temper-
ature for 4 h. The usual work-up and chromatography 
gave 2-benzoyl-3,4-dihydro-5, 7-dimethyl- 1, 2-diazepine (0.06 
g, 60%). 
Acetyl/iydrazide. A reaction as in (ii) above but 
using acetylhydrazide (0.68 g, 9.18 mmol) gave 2-acetyl-3,4-
dihydro-5, 7-dimet/iyl- 1, 2-diaze pine (0.70 g, 46%) as a yellow 
oil (Found: C, 64.8; H, 8.5; N, 17.1. C9H14N20 requires 
C, 65.0; H, 8.5; N, 16.85%); 8H 1.88 (s, 5-Me), 2.10 (s, 
7-Me), 2.19 (s, COMe), 2.41 (t, J 5 Hz, 4-H2), 3.79 (t, J 5 
Hz, 3-H2), and 5.65 (s, 6-H); 	(film) 1 660 cm' (C0): 
and polymeric material (0.61 g). 
Ethyl carbazate. A similar reaction using ethyl carb-
azate (0.95 g, 9.13 mmol) and cold work-up gave ethyl 3,4- 
dihydro-5, 7-diniethyl- 1 ,2-diazepine-2-carboxylate 	(0.76 	g, 
43%) as a yellow oil (Found: C, 61.1; H, 8.0; N, 14.2. 
C10H16N202 requires C, 61.2; H, 8.2; N, 14.3%); 81f 1.28 
(t, J 6 Hz, CH2Me), 1.89 (s, 5-1\1e), 2.12 (s, 7-Me), 2.50 (t, J 
5 Hz, 4-H2), 3.75 (t, J 5 Hz, 3-H2), 4.20 (q, J 6 Hz, CH2Me), 
and 5.70 (s, 6-H); 	(film) 1 700 crn' (C0): ethyl 3- 
nietliyl-2-pyrazoline-1-carboxylate (0.09 g, 6%) as an oil 
(Found: M, 156.089 620. C7H12N202 requires M, 
156.089 872); 81j 1.30 (t, J 9 Hz, CH 2Me), 2.04 (d, J 0.5 
Hz, 3-Me), 2.80 (t, J 9 Hz, 4-H2), 3.85 (t, J 9 Hz, 5-H2), and 
4.25 (q, J 9 Hz, CH2Me); v2 (film) 1 690 cm' (C=O): and 
polymeric material (0.75 g). 
Reaction of 4-Met hylhexa-3 ,5-dien-2 -one with Phenyl-
hydrazine.-The ketone (0.20 g, 1.82 mmol) was added to a 
solution of phenylhydrazine hydrochloride (0.524 g, 3.64 
mmol) and sodium acetate (0.79 g) in water (10 ml) and the 
mixture was stirred for 12 h at room temperature. The 
mixture was extracted with ether (3 x 10 ml), the ether 
solution was dried and evaporated under reduced pressure,  
and the residue was chromatographed on alumina to give 
3,4-dihydro-5, 7-dimet hyl-2-phenyl- I ,2-diazepine (0.078 g, 
21%) as a colourless oil (Found: M, 200.131 290. C13-
H14N2 requires M, 200.131 342); 81f 1.91 (s, 5-Me), 2.14 (s, 
7-Me), 2.61 (t, J 6 Hz, 4-H2), 3.68 (t, J 6 Hz, 3-H2), 5.74 
(m, 6-H), and 6.65-7.35 (m, aromatic, 5 H); and 4-
methylhexa-3,5-dien-2-one phenylhydrazone (0.166 g, 46%) 
as a colourless oil, readily oxidised in air (Found: M+, 
200.130 162. C13H16N2 requires M, 200.131 342); 81, 1.99 
(s, Me), 2.23 (s, Me), 5.13 (br d, J 11 Hz, 6-H), 5.32 (br 
d, J 17 Hz, 6-H), 5.95 (br s, 3-H), 6.49 (dd, J 17 and 11 Hz, 
5-H), and 6.75-7.5 (m, aromatic, 5 H). 
Reactions of other Unsaturated Ketones with Hydrazides.- 
4-Methyl-6-phenylhexa-3, 5-dien-2-one. 	Reactions 	with 
methanesuiphonyihydrazide and acetylhydrazide under the 
conditions of (ii) above gave only the hydrazones in 86 and 
85% yields respectively. The rnethanesulphonylhydrazone 
had m.p. 137-138 °C (from ethanol) (Found: C, 60.3; H, 
6.5; N, 10.1. C14HN2O2S requires C, 60.4; H, 6.5; N, 
10.1%); 8H  1.99 (s, 2-Me), 2.20 (d, J 0.5 Hz, 4-Me), 3.11 
(s, SO2Me), 5.99 (d, J 0.5 Hz, 3-H), and 6.73 (br s, 3-H); 
(Nujol) 3 210 cm-1 (N-H). The acetylhydrazone had 
m.p. 147-148.5 °C (from ethanol) (Found: C, 74.2; H, 7.5; 
N, 11.6. C15H18N20 requires C, 74.35; H, 7.5; N, 11.6%); 
81, 2.00 (s, 2-Me), 2.25 (d, J 0.5 Hz, 5-Me), 2.30 (s, COMe), 
5.97 (d, J 0.5 Hz, 4-H), and 6.75 (br s, 3-H); 	(Nujol) 
3160 (N-H), 1660 cm' (C0). 
Attempts to cyclise these hydrazones using hydrochloric 
acid, p-toluenesulphonic acid, boron trifluoride, and DBU 
in a variety of solvents were not successful. 
We thank the S.R.C. for studentships (P. N. A. and 
C. B. A.). 
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